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(54) Photothermographic material 

(57) Disclosed Is a photothermographic material comprising, on one side of a support, a photosensitive silver hal- 
Ida, a non-photosensitive silver salt of an organic add, a reducing agent for silver ions and a binder, which is character- 
ized by containing one or more phenol compounds as the reducing agent and one or more compounds satisfying at 
least one of the following requirements A and B In combination: 
A: the hydrogen bond fomiation rate constant Kf Is 20-4000, 

B: the chemical structure is represented by the following formula (II), (Ml), (IV) or (V) (R^^ and others represent an alkyi 
group etc), or has a phosphoryl group. According to the present Invention, there is provided a photothermographic 
material that can provide sufficient image density at practical reacfion temperatures (specifically 100-1 AO'^C) with prac- 
tteal reaction times (specifically 1 -30 seconds), and can sufficiently suppress coloration of blank portions during storage 
in the dark after devetopment. 
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Description 

FIgmOFTHE INVENTION 

5 [0001] The present Invention relates to a photothenmographlc material. In particular. It relates to a pliotottienno* 
graphic material that can provides sufficient image density and can sufficiently supprsss coloration of blanic portions 
during storage in the daric after development. 

BACKGROUND OF THE INVENTION 

10 

[0002] In recent years, reduction of amount of waste processing solutions is strongly desired in the medical diag- 
nosis field and the photographic art field from the standpoints of environmental protection and space savings. Tech- 
niques relating to photosensitive themnographic materials for use in medical diagnosis and photographic-art processes 
are required which enables efficient exposure by a laser Image setter or a laser imager and fomiation of a dear black 
IS Image having high resolution and sharpness. The photosensitive themiographic materials can provide users with a sim- 
ple and non-polluting heat development processing system that eliminates the use of solution-type processing chemi- 
cals. 

[0003] The same is demanded in the field of ordinary image-fomning materials. However, photo-Images for medical 
use require high image quality excellent In sharpness and grainlness as they need very fine images. In addition, for 
20 easy diagnosis, cold monochromatic images are preferred. At present, various types of hard copy systems using pig- 
ment and dye, for example, ink Jet printers and electrophotographic systems are available as ordinary imaging systems. 
However, no satisfactory image-fbmning system is avBllat>le tor medical use. 

[0004] Meanwhile, methods utilizing a sliver salt of an organic acid for fonning an image t>y heat development are 
described, for example, in U.S. Patent Nos. 3,162,904 and 3,457,075 and D. Klostervoer, Thermally Processed Silver 

25 Systems", Imaging Processes and Materials, Neblette, 8th ed., compiled by J. Sturge, V. Walworth and A. Shepp, Chap- 
ter 9, p.279, (1989). The photothemfiographlc material, in particular, comprises a image-fonning layer (photosensitive 
layer) containing a photocatalyst (e.g., silver halide) In a catalytically active amount, a reducing agent, a reducible silver 
salt (e.g., silver salt of an organk: acid), and optionally a toning agent for controlling tone of silver, whk:h are usually dis- 
persed In a binder matrix. When the photothenmographk: material Is heated at a high temperature (e.g., 80''C or higher) 

30 after Imagewise light exposure, a n:n>nochromaitto black silver image Is produced through an oxidation-reduction reac- 
tion between the silver halide or the reducible silver salt (which functions as an oxidizing agent) and the reducing agent. 
The oxidatton^reduction reaction Is accelerated by catalytic action of a latent image of silver halide generated upon 
exposure. Therefore, the monochromatk: silver ^ges are fomied in exposed areas of the materials. This technique is 
disclosed In many references including U.S. Patent 2,910,377 and Japanese Patent Publication (Kokoku, hereinafter 

35 refen^d to as JP-B) 43-4924. and Fuji Medbal Dry Imager FM-DP L was put into the market as an image-forming sys- 
tem for medical diagnosis utilizing photothemnographic materials. 

[0005] Because the aforementioned photothennographlc materials are not subjected to fixation after heat develop- 
ment, the thermally reactive organic add silver salt and reducing agent are left in the photothennographlc materials as 
they are. Thus, they suffer a problem that blank porttons thereof are colored if the materials are stored for a long period 

40 of time after the heat development Phenol type reducing agents (see, for example, European Patent Pubrication 
EP0803764A1 , Japanese Patent Laid-open Publication (Kokai, hereinafter refen^ to as JP-A) 51 -51933, JP-A-6-3793 
etc.) are effectively used for the photothennographic materials because of their high reactivity, and the coloration of 
blank portions can effectively be suppressed by reducing the amount thereof to be used. IHowever, if the amount of o- 
bisphend type reducing agent to be used is reduced. It becomes Impossible to obtain sufficient image density, and thus 

4B Image storabiitty is difficult to be compatible with Image density. 

SUMMARy OF ■r>^E INVENTION 

[0006] Therefore, an object of the present invention is to provide a photothemnographic material that can provide 
50 sufficient image density at practical reaction temperatures (specifically 1 00-1 40''C) with practtoal reaction times (specif- 
ically 1 -30 seconds), and can sufficiently suppress coloration of blank portions during storage in the dark after develop- 
ment. 

[0007] The inventors of the present inventk>n conducted extensive studies to achieve the aforementioned object. As 
a result, they found that, if a phenol compound, which is used as a reducing agent, and a compound having a particular 
SB hydrogen bond formation rate constant were used In combination in photothermographk: n^terials, sufficient Image 
density could be obtained and Image storablllty could be markedly improved without substantially degrading the reduc- 
ing property. Thus, they accomplished the present invention. 

[0008] That Is, the present invention provides a photothermographte material comprising, on one side of a support, 
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a photosensitive sliver hallde, a non-photosensitive silver salt of an organic acid, a reducing agent for silver Ions and a 
binder, wherein it contains one or nnore phenol compounds as the reducing agent and one or more compounds satis- 
fying at least one of the following requirements A and B In combination: 
A: the hydrogen bond formation rate constant Kf is 20-4000, 

B: the chemical structure is represented by the following fonnuta (11), (III), (IV) or (V), or has a phosphoryl group: 
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(XV) 



(V) 



25 

[0009] In the formula (II), R^^ and Independentiy represent an alkyi group, and R^^ represents an alky! group, 
an aryl group or a heterocyclic group. Two or more of R^\ R^ and R^ may be taken together to form a ring. 
[0010] In the fomiula (III), R^^ and R^ independentiy represent an alkyI group, an aryl group or a heterocyclic 
group. R^^ and R^ may be taken together to form a ring, 
ap [0011] In tiie formula (IV), R^^ and R^^ Independently represent an alkyI group, an aryl group or a heterocydk: 
group. R^ represents an alkyI group, an aryl group, a heterocyclic group or-N(R^) (R^^. R^ and R^ Independentiy 
represent an alkyI group, an aryl group or a heterocyclic group. Two or more of R*^ , R^^^ r43^ ^ pAS ^g^i^j, 
together to form a ring. 

[0012] In the fomnula (V), R^\ R^, R®, R^ and R* independently represent a hydrogen atom or a substituent. 
35 Two or more of R^\ R^, R^, R^ and R^ may be taken together to form a ring. 

[0013] The phenol compound contained in the photothennographb material of the present lnventk)n is preferably 
an o^potyphenol compound. In particular, a compound represented by the following fomiula (I). 




(Z) 



[0014] In the formula, R^ , R^, R^, R"*, R^ R^, R^ and R® independently represent a hydrogen atom or a group tiiat 
can substitute on a benzene ring, and L represents a group -S- or a group -CIHR^- where R^ represents a hydrogen 
atom or an alkyI group. 

[0015] As the compound represented by the fbnriula (1), prefenred are those compounds where R^, R^, R^ and R^ 
55 are hydrogen atoms. R^ and R® Independentiy represents an alkyI group, R^ and R® independentiy represents an alkyI 
group, and L is -CHR^-. Partfeularly preferred are those compounds where R^ and R^ Independently represent a sec- 
ondary or tertiary alkyI group. 

[0016] The photothenmogrephic material of tiie present invention preferably contains a compound of which hydro- 
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gen bond formation rate constant Kf is 70 to 4000. 

[001 7] Further, the photothermographlc nfiaterlal of the present invention preferably contains an o-poiyphenoi com- 
pound and one or more compounds having a phosphoryl. The compound having a phosphory) group is preferably a 
compound represented by the following fbmiula (VI): 



10 




IS 

[0018] In the fomnuta, and Independently represent an alkyt group, an aryl group, an arallcyl group, an 

alkoxy group, an aryloxy group, an amino group or a heterocyclic group. 

[001 9] In the present specification, Indicates a range including numerical values mentioned before and after It as 

20 the minimum and maximum values, respectively. 

[0020] By using a phenolic compound and a compound having a hydrogen bond fomiatlon rate constant Kf of 20- 
4000 or represented by the fomriula (II), (III), (IV) or (V) or a compound having a phosphoryl group in combination, it 
became possible to provide a photothemnographic material that can provide sufficient image density at a practical reac- 
tion temperature and within a practical reaction time, and can sufficiently suppress coloration of blank portions after 

25 development and storage In the dark. 

BRIEF PESCRIPTION QF THE DRAWINGS 

[0021] 

30 

Rg. 1 Is a side view of an exemplary heat developing apparatus used for the examples. In the figure, there are 
shown a phototiiermographte nnaterial 10, canytng-ln roller pairs 1 1 , canrying-out roller pairs 12, rollers 13, a flat 
surface 1 4, heaters 15, and guide panels 16. The apparatus consists of a preheating section A, a heat development 
section B, and a gradual cooling section C. 
35 Fig.2 shows an inner packaging material 2 containing stacked photothermographlc material sheets 1 1n a predeter- 
mined size, which is further packaged with an outer packaging material 3. 

Rg. 3 shows stacked photcthemnographto material sheets 1 packaged with an Inner packaging material 20. 
Rg. 4 Is a skie view of the photDthermographlo material having a support 1 0, an Image-forming layer 1 1 and a sur- 
face protective layer 12 stacked in this order on one surface of the support, and a back layer 13 provided on the 
40 other side of the support. 

PREFERRED EMBODIMENT S OF TH E IN VENTION 

[0022] The photothemnographk: material of the present Invention comprises, on one side of a support, a photosen- 
45 sitive silver halide, a non-photosensitive silver salt of an organte acid, a reducing agent for silver ions and a binder, it Is 
characterized by containing (1 ) one or more phenol compounds as the reducing agent, and (2) one or more compounds 
satisfying at least one of the requirement A (it has a hydrogen bond formation rate constant Kf of 20-4000) and the 
requirement B (it has a structure represented by the aforementioned formula (II), (ill), (IV) or (V), or has a phosphoryl 
group), In combination. 

50 [0023] The photothermographic material of the present invention contains one or more phenol compounds, it Is 
known that a phenol compound is used as a reducing agent as seen in European Patent Publication EP0803764A1, 
JP-A-51 -51933, JP-A-6-3793 and so forth, and such known phenol compounds can be used for the present Invention. 
[0024] As a result of the extensive study of tiie present inventors, it was found that, if such a known reducing agent 
and a compound represented by the formula (II), (III), (IV) or (V) or a compound having a phosphoryl group were used 

55 in combination, there could be obtained a surprising effect that tnrtage storabllity could be mari(edly improved with sub- 
stantially maintaining the heat-developability. 

[0025] As tiie phenol compound used for tiie present invention, o-poiyphenol compounds are prefen^d because of 
their high heat-deveiopabitity. 
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[0026] The "o-polyphenol compound" referred to in the present specification may be any connpound, so long as it 
is a reducing agent containing the following stmcture. 

OH OH 



[0027] Among such compounds, those compounds of the fomiula (1) are preferred because of their higher heat- 
developabillty. The compounds of the fomiuja (I) will be explained in detail. 

[0028] In the formula (I), to independently represent a hydrogen atom or a group that can substitute on a ben- 
zene ring. Examples of the group that can substitute on a benzene ring Include a halogen atom, an alkyi group, an aryl 
group, an aralkyl group, an alkoxy group, an acylamino group, a sulfonamide group, an acyl group, a carbamoyl group, 
a sulfamoyi group, an alkoxycarbonyl group, a sulfonyl group, an alkoxyalkyi group, an acylaminoalkyi group and so 
forth. Examples of the alkyI group Include methyl group, ethyl group, propyl group, butyt group. Isopropyl group, t-butyl 
group, t-amyl group, cyclohexyl group, 1 -methytcyclohexyl group and so forth. Examples of the aralkyl group include 
benzyl group and so forth. 

[0029] Preferably, R\ R^, R® and R® Independently represent an alkyI group, more preferably a primary alkyI group 
having 1 -20 carbon atoms, a secondary alkyI group having 3-20 carbon atoms, or a tertiary alkyI group having 4-20 car- 
bon atoms. 

[0030] These groups may further have one or more suitable substituents. Examples of the substltuents Include a 
halogen atom, an aryl group, a heterocyclic group, an alkoxy group, an arytoxy group, an aikytthio group, an arylthio 
group, a hydroxyl group, an acyloxy group, an amino group, an alkoxycarbonyl group, an acyl group, an acylamino 
group, an oxycarbonyl group, a carbamoyl group, a sulfonyl group, a sulfamoyi group, a sulfonamide group, a phospho- 
ryl group, a carboxyl group and so forth. 

[0031] Examples of the primary alkyI group include methyl group, ethyl group, propyl group, butyl group, pentyl 
group, hexyl group, heptyl group, octyl group, nonyl group, decyl group, dodecyl group, benzyl group, methoxymethyl 
group, 2-m^Qxyethyl group, phenethyt group, hexyloxycarbonytmethyi group and so forth. Preferred are methyl group 
and ethyl group. 

[0032] Examples of the secondary alkyI group include Isopropyl group, cyclohexyl group, cyclopentyl group, 1- 
methoxymethyl-ethyt group, 1 -butoxyethyl-ethyl group and so forth. Prefen^d are unsubstltuted secondary alky I groups, 
and particularly prefen-ed are isopropyl group and cyclohexyl group. 

[0033] Examples of the tertiary alkyI group include t-butyl group, t-amyl group, t-octyl group, l-methylcyclohexyl 
group, 1-melhylcyclopentyl group, Hfnethylcyctopropyl group. 1 -methyl- 1-phenylethyl group, 1,1-dimethyl-4-hexyloxy- 
carbonylbutyl group and so forth. Prefon^ed aro unsubstltuted tertiary aikyi groups, particularly prefenred are t-butyl 
group and 1-methylcyctohexyl group, and the most prefenred is t-butyl group. 

[0034] Preferably, R^ and R® independentJy represent a secondary alkyi group or a tertiary alkyI group. If a second- 
ary alkyI group or a tertiary alkyI group is selected, coating annount can be markedly reduced, and hence the production 
cost of tiie photothermographto material and labors may be markedly reduced. Further, If a secondary alky! group or a 
tertiary alkyi group is selected, image storabifity Is extremely degraded, unless a compound having a phosphoryl group 
Is used In combination. However, by using them In combination according to the present Invention, the image storability 
is markedly improved. In view of development activity, tertiary alkyI groups are prefoned as R^ and R®. While R^ and 
R® may be identical or different, they are preferably identical to each otiier. 

[0035] As R^ and R®, unsubstituted alkyI groi^M are prefenred. Specific examples thereof include methyl group, 
ethyl group, propyl group, butyl group, isopropyl group, t-butyl group, t-amyl group, cyclohexyl group, l-methytaydohexyl 
group and so forth. More preferred are methyl group, ethyl group, isopropyl group and t-butyl group, and most prefenred 
are methyl group and ethyl group. 

[0036] Preferably. R^, R^, R^ and R^ independentiy represent a hydrogen atom, a halogen atom or an alkyI group, 
more preferably a hydrogen atom. 

[0037] L represents a group -S- or a group -CHR®- where R^ represents a hydrogen atom or an alkyl group. TTie 
aikyt group is preferably one having 1 -20 carbon atoms, whch may be unsubstituted or substituted witii another or other 
substltuents. Examples of the unsubstituted alkyi group include methyl group, ethyl group, propyl group, butyl group, 
heptyl group, undecyl group, isopropyl group, 1-ethylpentyl group, 2.4,4-trimettiyipentyl group and so forttt. Examples 
of the substituent for the al kyl group are similar to those mentioned for r\ R^. R^ and R^ R^ is more preferably a hydro- 
gen atom or an unsubstituted alkyl group having 1-12 carbon atoms, furtiier preferably a hydrogen atom or an alkyl 
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group having 1 -7 carbon atoms, particularly preferably a hydrogen atom, methyl group or n-propyl group. 
[0038] Specific examples of the phenol compound of the fomiula (I) used for the present Invention will be 
b«bw. However, the phenol compounds that can be used for the present invention are not limited to these. 



(1-1) 



(1-2) 



10 



IS 



20 





30 



45 



50 



56 



6 



EP1 096 310A2 



(i-lD (1-12) 

5 _ 




8 



EP1 096 310 A2 




9 



EP 1 096 310 A2 



(1-24) 



(1-25) 
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0-33) 



15 



20 



OH C^HtOH CsHzOH 




CH34) 



30 




35 



40 



46 



[0039] Other than the above compounds, specific examples of the phenol compound used for the present Invention 
are also seen In European Patent Publication EP0603764A1. JP-A-61-61d33 and JP-A-&-3793. 
[0040] The addition amount of the phenol compound is preferably 0.01-4.0 gfrr?, more preferably 0.1-2.0 g^m^. 
With respect to one mote of sih/er on the surface having the Image-fomning layer, it is prefenably 2-40 mole %, more pref * 
erably 5^30 mole %. 

[0041] Now, the compoufKl having a hydrogen bond formation rate constant Kf of 20-4000 will be explained. 
[0042] The hydrogen bond fomiatlon rate constant Kf. which is used as an index of hydrogen bond fbnnation. is a 
constant that was ocamined by R.W. Taft et al. in J. Am. Chem. Soc., 91 . 4794 (1 969)» etc. This is a reaction rate con- 
stant in a reaction where a hydrogen bond is formed between p-FCe(H40IH and a compound, and it is measured by F* 
NMR or IR or by using a thenmodynamic technique. Specific hydrogen bond formation rate constants Kf of various com- 
pounds are mentioned In the aforementioned J. Am. Chem. Soc., 91, 4794 (1969). in the present Invention, Kf is pref- 
erably 20-4000, more preferably 70-4000, further preferably 100-4000, particularly preferably 250-2000. Typical 
examples of compounds having a hydrogen bond fbmiatbn rate constant Kf of 20-4000 are listed below. 



so 



55 





Kf 


Hexamethytphosphamide 
Triphenylphosphlne oxide 
4-Dimethylaminopyridine 
Dimethyl sulfoxide 


3600 

1456 ±80 
650 ±90 
338 ±7 
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(continued) 







Kf 




2,6-DImethyl^pyrone 


318 + 18 


5 


TetfBmethylurea 


261 ±5 




Trimethyl phosphate 


250 ±8 




N.N-Dlmethytacetamide 


242±6 


in 


N.N-Dlmethylbenzamlde 


167 ±16 




Phenyl methyl sulfoxide 


141 ±4 




4-Methoxypyridlne 


139 ±2 




4-iy^ethylpyridine 


107 ±2 


IS 


N, N-Dimethylcyclohexylamlne 


118±2 




N,N-Dlmethytf6rmamid6 


115±2 




Diphenyi sulfoxide 


106 + 2 


on 


Ravone 


98±6 




NtN-Dlmethyl-n-propyiamine 


95 ±1 




Trimethylamine 


85 + 2 




2-n-Butylpyridlne 


76 + 2 


25 


Pyridine 


76±1 




Quinoline 


71 +3 




Tri-n-butylamine 


37±3 


30 


N,N-DlmethytbenzylBmine 


38±3 




Pyrimldlne 


22.5 ±0.5 



[0043] The compound of the fbnmula (II) will be explained In detail hereafter. 

35 [0044] in the formula (il). R^*" and independently represent an alkyi group. R^^ represents an ailcyl group, an 
aryt group or a heterocyclic group. These groups may be unsubstituted or maybe substituted wHh one or mora substit- 
uents. Examples of the substituents Include those substltuents mentioned hereinafter for As specific examples of 
R^^ and R^, there can be mentioned methyl group, ethyl group, propyl group, butyl group, isopropyi group, t-butyi 
group, t-annyi group, cyclohexyl group, 1-methylcyclohexyi group, benzyl group and so forth as the allcyl group, phenyl 

40 group, p-toiyi group, p-methoxyphenyl group and so forth as the aryl group, 2-tetrahydrofuranyi group, 4-pyridyl group 
and so forth as the heterocyclic group. These groups may be unsubstituted or may be substituted with one or more 
other substituents. The allcyl group referred to herein does not Include an alkenyl group or an alicynyl group. Two or more 
of R2^ R^ and R^ may be taicen together to form a ring. 
[0045] The compound of the tomnula (ill) will be explained in detail hereafter 

45 [0046] in the fonnula (ill), R^^ and R^ independently represent an allcyl group, an aryl group or a heterocyclic 
group. These groups may be unsubstituted or may be substituted with one or more substituents. Examples of the sub- 
stituents include those substituents mentioned hereinafter for R^V As specific ^ampies of R^^ and R^p there can be 
mentioned methyl group, ethyl group, propyl group, butyl group, isopropyi group, t-butyl group, t-amyl group, cyclohexyl 
group, 1 -methylcyclohexyl group, benzyl group and so forth as the allcyl group, phenyl group, p-tolyl group, p-methoxy- 

50 phenyl group and so forth as the aryl group, 2-tetrahydrofuranyl group, 4-pyridyl group and so forth as the heterocyclic 
group. These substituents may be unsubstituted or may be substituted with one or more other substituents. R^^ and R^ 
may be taken together to form a ring. 

[0047] The compound of the fonrnula (IV) will be explained In detail hereafter. 

[0048] In the formula (IV), R^^ and R^ independently represent an alkyI group, an aryl group or a heterocyclic 
55 group. R^ represents an atkyi group, an aryl group, a heterocyclic group or -N(R'*^)(R^. R"*^ and R^ independently 
represent an alkyI group, an aryl greup or a heterocyclic group. These groups may be unsubstituted or may be substi- 
tuted with one or more substituents. Examples of the substituents include those substituents mentioned hereinafter for 
As specific examples of R^\ R^ and R^, there can be mentioned methyl group, ethyl group, propyl group, butyl 
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group, Isopropyl group, t-butyl group, t-amyl group, cyclohexyl group, 1 -methylcyclohexyl group, benzyl group and so 
forth as the alkyl group, phenyl group, prolyl group, p-methoxyphenyl group and so forth as the aryl group, 2-tetrahy- 
drofuranyl group, 4-pyridyl group and so forth as the heterocyclic group. These substltuents may be unsubstituted or 
may be substituted with one or more other substituents. Two or more of R^^^ ^43^ p44 q^^j p45 ^ 
together to form a ring. 

[0049] The compound of the fomiula (V) will be explained in detail hereafter. 

[00501 In the formula (V), R^^ R^, R^, R^ and R® Independently represent a hydrogen atom or a substltuent. 
Examples of the substltuent Include a linear, branched or cyclic aikyi group, a linear, branched or cyclic alkenyl group, 
an alkynyl group, an aryl group, an acyloxy group, an alkoxycarbonyloxy group, an aryloxycarbonyloxy group, a car- 
bamoyloxy group, a carbonamide group, a sulfonamide group, a carbamoyl group, a sulfamoyi group, an alkoxy group, 
an aryloxy group, an aryloxycarbonyl group, an alkoxycarbonyl gmup, an N-acylsulfamoyl group, an N-sulfamoytcar- 
bamoyi group, an alkylsutfbnyl group, an arylsulfonyi group, an alkoxycarbonylamino group, an aryloxycarbonylamino 
group, an amino group, an ammonio group, a cyano group, a nitro group, a carboxyl group, a hydroxy group, a eutfb 
group, a mercapto group, an alkylsulflnyl group, an arylsutfinyi group, an alkylthio group, an arytthio group, a ursldo 
group, a heterocyclic group (for example, 3- to 12Hmembered monocycles or condensed cycles containing at least one 
nitrogen atom, oxygen atom, sulfur atom or the like), a heterocyctytoxy group, a heterocydylthio group, an acyl group, 
a sutfamoylamino group, a silyl group, a halogen atom and so forth. 

[0051 ] Specific examples of the substltuent include a hydrogen atom, a linear, branched or cyclk: alkyl group having 
1*10 carbon atoms (e.g., trifluoromethyl. methyl, ethyl, propyl, heptafluoropropyl, isopropyl, butyl, t-butyl, t-pentyl, 
cyclopentyl, cyclohexyl, octyl, 2-ethylh6xyl etc.), a linear, branched or cydio alkenyl group having a^lO carbon atoms 
(e.g., vinyl, 1-methylvinyl, cyciohexen-1 -yl etc.), an alkynyl group having 2-10 carbon atoms (e.g., ethynyl, t-pnopynyl 
etc.), an aryl group having 6-14 carbon atoms (e.g., phenyl, naphthyl etc.), an acyloxy group having 1 -1 0 carbon atoms 
(e,g., acetoxy, benzoyioxy etc.), an alkoxycarbonyloxy group having 2-10 cartx)n atoms (e.g., methoxycarbonytoxy 
group, 2-methQxyethoxycarbonylQxy group etc.), an aryloxycarbonyloxy group having 7-1 4 carbon atoms (e.g., phenox- 
ycarbonyloxy group etc.), a carbamoyloxy group having 1-12 carbon atoms (e.g., N,N-dlmethylcarbamoyk>xy etc.), a 
carbonamide group having 1-12 carbon atoms (e.g., fbrmamlde. N-methylacetamide, acetamide, NHfnethylfomiamide, 
t>enzamlde etc.), a sulfonamido group having 1-10 carbon atoms (e.g., methanesulfonamido, benzenesutfonamldo, p- 
toluenesutfonamido etc.), a carbamoyl group having 1-10 cartx)n atoms (e.g., N-methybarbamoyI, N,N-diethytear- 
bamoyl, N-mesylcarbamoyl etc.), a sutfamoyi group having 0-10 carbon atoms (e.g., N-butylsulfamoyI, N,N-diethylsul- 
famoyl, N-metf^)-N-(4-methoxyphenyl)8ulfamoyl etc.), an alkoxy group having 1-10 carbon atoms (e.g., methoxy, 
propoxy, Isopropoxy, octytoxy, t-octyloxy etc.), an aryloxy group having 6-14 carbon atoms (e.g., phenoxy, 4-methoxy- 
phenoxy, naphthoxy etc.), an arytoxycart>onyt group having 7-14 caibon atoms (e.g., phenoxycarbonyl, naphthoxycar- 
bonyl etc.), an alkoxycarbonyl group having 2-10 carbon atoms (e.g., methoxycarbonyl, t-butoxycarbonyl etc.), an N- 
acylsutfamoyi group having 1-12 carbon atoms (e.g., N-ethylsulfamoyI, N-benzoytsulfamoyI etc.), an N-sulfamoytcar- 
bamoyi group having 1-12 carbon atoms (e.g., N-methanesutfonylcarbamoyI group etc.), an alkylsulfonyl group having 
1-10 cailDon atoms (e.g., methanesulfbnyl, octylsulfonyl, 2-methoxyethylsulfonyl etc.), an arylsulfonyi group having 6-14 
carbon atoms (e.g., benzenesulfbnyl, p-toluenesulf6nyl, 4-phenyl8ulfonytphenylsutf6nyl etc.), an alkoxycarbonylamino 
group having 2-10 carbon atoms (e.g., ethoxycartwnylamino etc.). an aryloxycarbonylamino group having 7-14 carbon 
atoms (e.g., phenoxycarbonylamino, naphthoxycarbonylamino etc.), an amino group having 0-10 carbon atoms (e.g., 
amino, methylamino, diethylamino, diisopmpylamino, aniline, morphotino etc), an ammonio group having 3-12 cartoon 
atoms (e.g.» trimethylammonio group, dimethylbenzylammonio group etc.), a cyano group, a nItro group, a cart>oxyl 
group, a hydroxy group, a sulfo group, a meicapto group, an alkylsulfinyi group having 1-10 carbon atoms (e.g., meth- 
anesutfinyl, octanesutfinyl etc.), an arylsulfinyl group having 6-14 carbon atoms (e.g., benzenesulfinyl, 4-chloropheny!- 
sulfinyl, p-toluenesutfinyl etc.), an alkylthio group having 1-10 carbon atoms (e.g., methylthio, octylthio, cyclohexytthio 
etc.), an erylthio group having 6-14 carbon atonns (e.g., phenylthio, naphthylthio etc.), a ureldo group having 1-13 car- 
bon atoms (e.g. 3-methylureido, 3,3-dimethylureido, 1,3-diphenylur6ido etc.)» a heterocydb group having 2-15 carbon 
atoms (a 3- to 12-membenad monocyde or condensed cyde containing nitrogen, oxygen, sulfur etc. as a hetero atom, 
e.g., 2-furyl, 2-pyrBnyl, 2-pyridyl, 2-thienyl, 2-lmidazolyl, morphoiino, 2-quinolyl, 2-t)enzlmldazolyl, 2-benzothiazolyi, 2- 
benzooxazolyl etc.), a heterocydyloxy group (e.g., pyridyloxy, pyrazolyloxy etc.), a heterocydylthio group (e.g., tetra- 
zolytthio, 1,3,4-thiadlazolytthio, 1 ,3.4-oxadiazolylthio, tsenzimidazolytthio etc.), an acyi group having 1-12 carbon atoms 
(e.g., acetyl, benzoyl, trifluoroacetyl etc.), a sulfamoylamino group having 0-10 carbon atoms (e.g., N-butylsuifa- 
moylamino, N-phenylsulfamoylamIno etc.)i a silyl group having 3-12 carbon atoms (e.g., trimethylsllyl, dmethyl-t-butyls- 
iiyl etc.), a halogen atom (e.g., fluorine atom, chlorine atom, bromine atom etc.) and so forth. The aforementioned 
substltuents may further have one or more sut>stituents, and examples of such substituents are those mentioned above. 
Two or more groups selected from R^^ , R^. R^, R^ and R^ may be taken together to forni a ring. 
[0052] Specific examples of the electron-donative compounds used for the present invention, i.e., compounds of 
the formulas (II), (III), (IV) and (V), will be menttoned below. However, the present invention is not limited to these. 
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[0053] The •compound having a phosphoryl group" (It may be refen-ed to as a "phosphoryl compound' hereafter) 
used for the present invention may be any compound so long as It is a compound having one or more phosphoryl 
groups. In particular, the compounds represented by the aforementioned formula (VI) are prefenBd. 
[0054] In the formula (VI). R®^ , R®^ and Independently represent an all^yl groups an aryl group, an aralkyt group, 
an alkoicy group, an aryloxy group, an amino gmup or a heterocyclic group. These groups may be unsubstltuted. or they 
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may have one or more substituents. 

[0055] Example of the alkyi group Include methyl group, ethyl group, butyl group, octyl group, dodecyl group, Iso- 
propyl group, t-butyl group, t-amyl group, t-octyl group, cyclohexyl group, 1 niiethylcyclohexyl group and so forth. Exam- 
ples of the aryl group include phenyl group, cresyl group, xylyl group, naphthyl group, 4-t-butylphenyl group, 4-t- 
octytphenyl group, 4-ani8idyl group, 3,5-dlchlorophenyl group and so forth. Examples of the araikyi group Indude benzyl 
group, phenethyl group, 2-phenQxypropyl group and so forth. Examples the alkoxy group Include methoxy group, elhoxy 
group, butoxy group, octyloxy group, 2-ethylhexyloxy group. 3,5,5-trlmethylhexyloxy group, dodecyloxy group, cyclohex- 
yloxy group, 4-methyteyclohexyloxy group, benzyloxygroup and so forth. Examples of the aryloxy group include phe- 
noxy group, cresytoxy group, isopropylphenoxy group, 4-t-butylph6nQxy group, naphthoxy group, biphenyloxy group and 
so forth. Examples of the amino group indude dimethylamino group, diethylamino group, dibutylamino group, dioc- 
tytamlno group, NHDethyl-N-hexylamino group, dkryclohexylamino group, diphenylamino group, N-methyMSI-phe- 
nylamino group and so forth. 

[0056] R®\ and R®^ preferably represent an alkyI group, an aryl group, an alkoxy group or an aryloxy group. 
More preferably, at least one of R^ and R^ represents an alkyI group or an aryl group, and further preferably two 
or more of them represent an alkyi group or an aryl group. It is prefen-ed that R^^ , R^ and R^ are the same groups 
from the point that such compounds are available at low cost. When R^\ R^ and R^ have a substituent, examples of 
the substituent indude a halogen atom, an alkyI group, an aryl group, an alkoxy group, an amino group, an acyl group, 
an acylamino group, an alkylthlo group, an arylthlo group, a sulfonamide group, an acyloxy group, an oxycarbonyl group, 
a carbamoyl group, a sulfamoyi group, a sulfbnyl group, a phosphoryt group and so forth. Prefenred substituents are a 
substituted or unsubstited alkyI group, aryl group, altoxy group and aryloxy group, and examples thereof indude, for 
example, methyl group, ethyl group, isopropyl group, t-butyl group, t-octyl group, phenyl group, 4-alkaKyphenyl group, 4- 
acyloxyphenyl group, methoxy group, phenoxy group and so forth. 

[0057] As R^, a phenyl group is preten-ed and a phenyl group one of which ortho positions is substituted Is moro 
prefenred. More precisely, examples of the substituent at the ortho positions include a linear, branched or cydk: alkyt 
group, a linear, branched or cyclic alkenyl group, an alkynyl group, an aryl group, an acyloxy group, an alkoxycartK>ny- 
loxy group, an arytoxycarbonyloxy group, a carbamoyloxy group, a carbonamide group, a sulfonamide group, a car- 
bamoyl group, a sulfamoyi group, an alkoxy group, an aryloxy group, en aryloxycarbonyl group, an alkoxycarbonyl 
group, N-acylsulfamoyI group, N-sulfamoytearbamoyt group, an alkylsulfbnyl group, an arytsulfbnyl group, an alkoxycar- 
bonylamino group, an arylQxycart>onylamino group, an amino group, an ammonio group, a cyano group, a nitro group, 
a carboxyl group, a hydroxy group, a suHb group, a mercapto group, an alkylsulfinyl group, an aryisulflnyl group, an 
alkylthio group, an arylthio group, a ureido group, a heterocydk: group (for rample, 3- to 12-membered monocydes or 
condensed cydes containing at least one nitrogen atom, oxygen atom, sulfur atom or the like), a heterocyclyloxy group, 
a heterocyclyithio group, an acyl group, a sulfemoylamlno group, a sllyl group, a halogen atom and so forth. 
[0058] Specific examples of the substituent Include a hydrogen atom, a linear, branched or cyclte alkyI group having 
1-10 carbon atoms (e.g., trifluoromethyl. methyl, ethyl, propyl, heptafluoropropyl. isopropyl, butyl, t-butyl, t-pentyl, 
cyclopentyl, cyclohexyl, octyl, 2-ethythexyl etc.), a linear, branched or cydto alkenyl group having 2-10 carbon atoms 
(e.g., vinyl, 1*methylvlnyl, cydohexen-1-yl etc.), an alkynyl group having 2-10 carbon atoms (e.g., ethynyl, 1-propynyt 
etc.). an aryl group having 6-14 cartjon atoms (e.g., phenyl, naphthyl etc.). an acyloxy group having 1 -1 0 carbon atoms 
(e.g., acetoxy, benzoyloxy etc.), an alkoxycarbonyioxy group having 2-10 cart>on atoms (e.g., methoxycart)onyloxy 
group. 2-m6thoxyethoxycarbonytoxy group ^.). an aryloxycarbonyloxy group having 7-14 carbon atoms (e.g.. phenox- 
ycarbonyloxy group eta), a cart>amoyloxy group having 1-12 cart)on atoms (e.g.. N,N-dimethylcarbamoyloxy etc.), a 
cartwnamklo group having 1-12 carbon atoms (e.g., fonmamldo, N-nrtethylacetamido. acetamidp, N-methylfonnamido, 
benzamklo etc.), a suifbnamkio group having 1-10 carbon atoms (e.g., methanesulfonamido. benzenesuifonamldo. p- 
toluenesutfonamido etc.), a cart)amoyl group having 1-10 cart)on atoms (e.g.. N-methybarbamoyt. N,N-diethylcar- 
bamoyl. N-mesylcarbamoyI etc.). a sulfamoyi group having 0-10 carbon atoms (e.g., N-bu1ylsulfamoyl, N,N-diethylsul- 
famoyl, N-methyl-N-(4-methoxyphenyl)sulfamoyl etc.). an alkoxy group having 1-10 carbon atoms (e.g., methoxy, 
propoxy, isopropoxy, octyloxy, t-octyk>xy etc.). an aryloxy group having 6-14 carbon atoms (e.g., phenoxy, 4-methoxy- 
phenoxy, naphthoxy etc.), an aryloxycajtonyl group having 7-1 4 carbon atoms (e.g., phenoxycarbonyt, naphthoxycar- 
bonyt etc.), an alkoxycartsonyl group having 2-10 cart>on atoms (e.g., methoxycart>onyl. t-butoxycarbonyl etc.), an N- 
acylsulfamoyi group having 1-12 carbon atoms (e.g., N-ethylsulfamoyI, N-benzoylsulfamoyI etc.), an N-sulfamoylcar- 
bamoyl group having 1-12 carbon atoms (e.g.. N-methanesulfonyk:arbamoyl group etc.), an alkyisulfonyl group having 
1-10 carton atoms (e.g., methanesulfonyl, octylsulfonyl. 2Hfnethoxyethylsulfonyl etc.), an arylsulfonyl group having 6-14 
carbon atoms (e.g.. benzenesutfonyt. p-toluenesuHbnyl, 4-phenylsuifonyiphenylsuifonyl ^.), an alkoxycarbonylamino 
group having 2-10cart>on atonns (e.g., ethoxycart>onylamino etc.), an arytoxycart>onytamino group having 7-14cartion 
atoms (ag.. phenoxycarbonylamino, naphthoxycarbonylamino etc.). an amino group having 0-10 carbon atoms (e.g.. 
amino, methylamlno. diethylamino, diisopropylamlno, aniline, morpholino etc.), an ammonio group having 3-12cartx)n 
atoms (e.g.. trimethylammonio group, dimethyll:>enzylammonio group etc.). a cyano group, a nitro group, a carboxyl 
group, a hydroxy group, a sulfb group, a mercapto group, an alkylsulfinyl group having 1-10 carbon atoms (e.g.. meth- 
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anesulfinyl, octanesutflnyl etc.)» an arylsulflnyl group having 6-14 carbon atoms (e.g., benzenesutfinyl, 4-chIorophenyl- 
sulflnyl, p-toluenesulfinyl etc.). an alkylthio group having 1-10 carbon atoms (e.g., methylthio» octylthio, cyclohexytthio 
etc.), an arylthio group having 6-14 carbon atoms (e.g., phenytthio, naphthylthio etc.), a ureido group having 1-13 car- 
bon atonrts (e.g. 3-methylureldo, 3,3-dlmethytureido, 1,3-diphenylureido etc.), a heterocyclic group having 2-15 carbon 

5 atoms (a 3- to 12-nrtembered monocycle or condensed cyde containing at least one nitrogen, oxygen, sulfur etc. as a 
hetero atom, e.g., 2-furyi, 2-pyranyl, 2-pyridyl, 2-thienyl, 2-lmlda2olyl, morpholino, 2-quInolyl, 2-benzlmidazolyl, 2-ben- 
zothiazolyl, 2-benzaxazolyl etc.), a heterocyclyloxy group (e.g.. pyrldyloxy, pyrazolyloxy etc.), a heterocyclylthio group 
(e.g., tetrazolylthio, 1 ,3,4-thiadIazolylthio, 1 ,3,4-oxadlazolylth)o, benzimldazolylthio etc.), an acyl group having 1-12 car- 
bon atoms (e.g., acetyl, benzoyl, trifiuoroacetyl etc.), a sutfamoylamino group having 0-10 carbon atoms (e.g.. N-butyl- 

10 sulfamoytamino, N-phenylsulfamoylamino etc.), a sllyl group having 3-12 carton atoms (6.g., trimethylsilyl, dimethyt-t- 
butylsilyl etc.), a halogen atom (e.g., fluorine atom, chlorine atom, bromine atom etc.) and so forth. 
[0059] The aforementioned substituents may be present on a position other than the ortho positions of the phenyl 
group in R^. When is a phenyl group having a substituent at its ortho position, R^^ and R^ preferably represent 
an ailcyl group or an aryl group. 

IS [0060] Specific examples of the compound having a phosphoryl group used for the present invention will be listed 
below. However, the present Invention is not limited to these. 
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[0061] The addition amount of the compound that satisfies at least one of the above requirements A and B is pref- 
erably 0.01-4.0 g/tT?, more preferably 0.1-2.0 g/m^. With respect to one mole of silver on the surface having the Image- 
fbnnnlng layer, it Is preferably 2-40 mole %, more preferably 5-30 mole %. 

[0062] The ratio of the addition amounts (molar ratio) of the phenolic reducing agent (compound of the formula (1)) 
40 and the compound that satisfies at least one of the above requirements A and B Is prefierBk)ly In the range of 0.1-10, 
more preferably in the range of 0.1 -2.0, further preferably in the range of 0.5-1 .5. 

[0063] The phenol corvipound (compound of the fonmula (I)) and the compound that satisfies at least one of the 
above requirements A and B are preferably contained In the image^orming layer containing a silver salt of an organic 
acid. However, one of them may be contained In the image-fomning layer and the other may be contained in a not)- 

45 image-fomning layer adjacent thereto, or the both may be contained in a non-lmage-fonning layer. Further, when the 
image-fbmning layer consists of a plurality of layers, they may be contained in different layers. 
[0064] The phenol compound (compound of the formula (I)) and the compound that satisfies at least one of the 
above requirements A and B may be contained in a coating solution in any state, for sample. In a state of solution, 
emutetfied dispersion, solid microparticle dispersion or the like to be contained in the photosensitive material. 

so [0065] As a well known emulslfication method, there can be mentioned a method of mechanically preparing an 
emulsified dispersion by using an oil such as dibutyl phthalate, tricresyl phosphate, glyceryl triacetate or diethyl phtha- 
late. ethyl acetate or cyclohexanone as an auxiliary solvent for dissolution. 

[0066] As a solki mtcropartide dispersion method, there can be mentioned a method of preparing a solid dispersion 
by dispersing powder of the phenol connpound (compound of the fomiula (I)) or the compound that satisfies at least one 
55 of the above requirements A and B in a suitable solvent such as water using a ball mill, colloid mill, vibrating ball mill, 
sand mill, jet mill, roller mill or the like or by means of ultrasonic wave. In this operation, a protective colloid (e.g., poly- 
vinyl alcohol), a surfactant (ag., an anionic surfactant such as sodium trilsopropylnaphthalenesulfonate (mixture of 
those having three isopropyl groups on different positions)) and so forth may be used. An aqueous dispersion may con- 
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tain a preservative (e.g., benzlsothiazolinone sodium salt). 

[0067] A silver satt of an organic add that can be used in the present invention is a silver salt relatively stable 
against light, but fomns a silver image when it is heated at 80°C or higher in the presence of an exposed photocatalyst 
(e.g., a latent Image of photosensitive silver hallde) and a heat developing agent. The silver salt of an organic add may 

5 be any organic substance containing a source capable of reducing silver ions. Such non-photosensitive sih^r salts of 
an organic acid are disclosed in J P-A-1 0-62899, paragraphs 0048 to 0049, European Patent Publication 
EP0803763A1 , page 18, line 24 to page 19, line 37 and European Patent Publication EP0962812A1, Silver salts of an 
organic acid, in particular, a long chained aliphatic cart)oxylic add having from 1 0 to 30, preferably from 15 to 28 carbon 
atoms are prefenred Preferred examples of the silver salt of an organic add indude sih^er behenate, silver arachidinate. 

10 silver stearate, silver oleate. silver laurate, silver caproate, silver myilstate, silver palmltate. mixtures thereof and so 
forth. 

[0068] The shape of the silver salt of an organic add that can be used for the present Invention is not particularly 
limited. Scaly silver salts of an organic acid are preferred for the present Invention. Scaly silver salts of an organic add 
are herein defined as follows. A sample of a silver salt of an organic acid is observed under an electronic microscope, 
IS and the shape of the observed grains of the salt of an organic add is approximated to rectangular parallelepiped. The 
edges of each rectangular parallelepiped are named as a, b and c according to increasing size (c and b may be the 
same). From the shorter edges a and b, x is obtained according to the following equation: 

x=b/a 

20 

[0069] The values of x are obtained for about 200 grains, and an average of the value is named as x (average). 
Samples that satisfy the requirement of x (average) ^ 1 .5 are defined to be scaly. Scaty grains preferably satisfy 30 ^ x 
(average) ^ 1 .5, more preferably 20 ^ x (average) ^ 2.0. Acicular grains satisfy 1 s x (average) < 1 .5. 
[0070] in scaly grains, 'a" is Interpreted as the thickness of tabular grains of which main planes are defined by the 
25 sides of b and c. The average of "a' is preferably from 0.01 ^m to 0^ ^m, more preferably from 0.1 to 0.20 ^m. 
The average of c/b Is preferably from 1 to 6. more preferably from 1 .05 to 4, further preferably from 1 .1 to 3, most pref- 
erably from 1.1 to 2. 

[0071] The grain size distribution of the silver salt of an organic add is preferably monodispersion. The term "mon- 
odlspersion' as used herein means that the percentage of the value obtained by dividing the standard deviation of the 

30 length of the short axis or the long axis by the length of the short axis or the long axis, respectively, is preferably 1 00% 
or less, more preferalsly 80% or less, further preferably 50% or less. The shape of the silver salt of an organic add can 
be determined from a transmission electron microscope image of silver salt of am organic acid dispersion. Another 
method for detemnlning monodispersion Includes a method involving the step of obtaining the standard deviation of a 
volume-weighted average diameter of the silver salt of an organic acid. The percentage (coefficient of variation) of the 

35 value obtained by dividing the standard deviation by the volume-weighted average diameter is preferably 1 00% or less, 
more preferably 80% or less, further preferably 50% or less. For example, the value can be obtained from a grain size 
(volume-weighted average diameter) detemriined by Innadiating silver salt of an organic acid dispersed in a solution with 
a laser ray and detemiining an autocorrelation function of the scattered light on the basis of the change in time. 
[0072] Methods for production and dispersion of the silver salt of an organic acid used for the present invention can 

40 be Icnown ones. For example, the aforementioned JP-A-1 0-62899, European Patent Pubneatlon EP0803763A1, and 
EP0962812A1 can be referred to. 

[0073] In the present invention, the photosensitive material can be produced by mixing an aqueous dispersion of 
the silver salt of an organic add and an aqueous dispersion of the photosensitive silver salt While the mixing ratio of 
the silver salt of an organic acid and the photosensitive silver salt can be selected depending on the purpose, the ratio 
45 of the photosensitive silver salt with respect to the silver salt of an organic acid Is preferably In the range of 1 ^0 mole 
%, nnore preferably 3-20 mole %, particularly preferably 5-1 5 mole %. For the mixing of them, mixing two or more kinds 
of aqueous dispersions of the silver salt of an organk: add and two or mors Icinds of aqueous dispersions of the photo- 
sensitive silver satt is preferably used fbr controlling photographic properties. 

[0074] While the silver salt of an organic acid can be used in a desired amount, it is preferably used In an amount 

so of 0.1 -5 g/hrr^. more preferably 1 -3 g/nn^, as the amount of silver. 

[0075] The photosensitive silver hallde that can be used for the present inventJon is not particularly limited as for 
halogen composition, and silver chloride, silver chlorbbromtde, stiver bromide, silver iodobromide, and silver chlorolo- 
dobromide may be used. Distribution of the halogen composition may be uniform in the grains, or alternatively, the hal- 
ogen composition may alter stepwise or continuously in the grains. Silver hallde grains having a core/shell structure 

55 may preferably be used. A double to quintuple structure is prefen^d, and more preferably, core/shell grains having a 
double to quadruple structure may be used. A technique fbr localizing silver bromide on the surface of silver chloride or 
sih^r chlorobromide grains may also be preferably used. 

[0076] Preparations of the photosensitive silver hallde are well known in the art. For example, methods described 
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In Research Disclosure, Na 17029 (June, 1978) and U.S. Patent No. 3,700,458 can be used. More specifically, a 
method can be used which comprises the step of preparing photosensitive silver hallde grains by addition of a silver- 
supplying compound and a halogen-supplying compound to a solution of gelatin or other polymer, and then adding a 
silver salt of an organic acid to the resulting grains. 

5 [WTT] The grain size of the photosensitive silver hallde is preferably made small In order to suppress turbidity after 
image formation. Specifically, the grain size may preferably be 0.20 |im or less, more preferably from 0.01 to 0.15 urn, 
further preferably from 0,02 to 0.12 ^im. The temri "grain size" used herein means a diameter of a sphere having the 
same volume as the grain where the sih^r hallde grains are regular crystals in cubic or octahedral fomi and where the 
silver hallde grains are in-egular crystals such as spherical or rod-like grains. Where silver hallde grains are tabular 

10 grains, the term means the diameter of a circle having the same area as a projected area of the main surface of the 
tabular grain. 

[0078] Examples of the fomn of silver halide grains Include a cubic form, octahedral form, tabular form, spherical 
form, rod-like fomi and potato-like form. In particular, cubto grains are preferred for the present invention. Silver hallde 
grains having round comers are also preferably used in the present invention. Surface index (Miller index) of outer sur- 
fs faces of the photosensitive silver hallde grains Is not partteularly limited. However, it is desirable that [100] i&co be 
present in a high proportion that can achieve high spectral sensitizing efficiency when a spectral sensitizing dye 
adsorbs thereto. The proportion of [1 00] face may be preferably not lower than 50%, more preferably at least 65%, still 
more preferably at least 80%. The proportion of Miller index [100] face can be detemiined using the method described 
In T. Tani. J. Imaging Sd., 29, 165 (1 985), where the difference in adsorption property of a sensitizing dye to [1 11] face 
20 and [1 00] face is utilized. 

[0079] The photosensHive sih/er halide grain of the present invention, desirably contains a metal or metal complex 
of Group VIII to Group X in the periodic table of elements (including Group I to Group XVIII). The metal or the center 
metal of the metal complex of Group VIII to X of the periodk: table is preferably rhodium, rtienium, ruthenium, osmium 
or iridium. The metal complex may be used alone, or two or more complexes of the same or different metals may also 
25 be used in combination. The metal complex content is preferably from 1 x 1 0~^ to 1 x 1 0^ mole per mole of silver. Such 
metal complexes are described In JP-A-1 1 -65021 , paragraphs 001 8 to 0024. 

[0080] Among them, an iricfium compound is preferably contained In the silver halide grains for the present inven- 
tion. Examples of the iridium compound Include hexachloroiridium, hexammineiridlum. trioxalatolridlum, hexacyanoirid- 
ium and pentachloronitrosyliridium. The Iridium compound is used after dissolving the compound In water or an 

30 appropriate solvent, and a method commonly used for stabilizing the iridium compound solution, more specifically, a 
method comprising adding an aqueous solution of hydrogen halogenlde (e.g., hydrochloric acid, hydrobromlc add, 
hydrofluoric add) or halogenated alkafi (e.g., KCI, NaCI, KBr, NaBr) may be used. Instead of using water-soluble Irid- 
ium, different silver halide grains doped beforehand with iridium may be added and dissolved at the time of preparation 
of silver halide. The amount of the iridium compound is preferably 1 x 1 0*^ to 1 x 10"^ mole, more preferably 1x10'^ to 

35 5x10"^ mole, per mole of silver hallde. 

[0081] Further, metal complexes that can be contained in the silver halide grains used for the present invention 
(e.g.. [Fe(CN)6)^). desalting methods and chemical sensitization methods are described in JP-A-1 1 -84574, paragraphs 
0046 to 0050 and JP-A-1 1 -65021 , paragraphs 0025 to 0031 . 

[0082] In the photothennographic material of the present invention, phenol derivatives represented by the fomnula 
40 (A) mentioned in Japanese Patent Application No, 1 1 -73951 are preferably used as a development accelerator. 

[0083] As sensitizing dyes usable forthe present invention, advantageously selected are sensitizing dyes that, after 
adsorbed onto silver hallde grains, can spectrally sensitize the grains witiiin a desired wavelength range. Depending on 
the spectral characteristks of the light source to be used for exposure, favorable sensitizing dyes having good spectral 
sensitivity are selected for use In tiie photothermographk: material of the invention. For the details of sensitizing dyes 
4S usable herein and methods for adding them to the photothemiographlc material of the invention, referred to are JP-A- 
1 1 -65021 , paragraphs 01 03 to 01 09, compounds of formula (11) In JP-A-1 0-1 86572, and European Patent Publteation 
EP0803764A1 . from page 1 9. line 38 to page 20, line 35. Regarding the time at which tiie sensitizing dye is added to 
the silver hallde emulsion, it is desirable that the sensitizing dye is added thereto after the desalting step but before the 
coating step, more preferably after the desalting but before the start of the chemicai ripening. 
50 [0084] While the addition amount of the sensitizing dye may be used in a desired amount depending on perfomn- 
ance such as sensitivity and fog, It is preferably used in an amount of 10"® to 1 mole, more preferably 10"^ to 1 0'^ mole, 
per 1 mole of the silver halide In the photosensitive layer. 

[0085] In the present Invention, a supersensitizercan be used in order to improve spectral sensitization efficiency. 
The supereensitizer used forthe present Invention may be compounds disclosed in European Patent Publication No. 
55 587338, U.a Patent Nos. 3,877,943 and 4,873.1 84, JP-A^-341 432. JP-A-1 1 -1 09547. JP-A-1 0-1 1 1 543 and so forth. 
[0086] Photosensitive silver halide grains used for the present invention are preferably subjected to chemical sen- 
sitization by sulfur sensitization, selenium sensitization or tellurium sensitization. Any known compounds are preferably 
usable for such sulfur, selenium or tellurium sensitization, and for example, the compounds described in JP-A-7-128768 
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are usable for that purpose. In the present Invention, especially favorable Is tellurium sensitization. Tellurium sensitizers 
usable herein include, for example, diacyltellurides. bis(oxycart)onyl)tellurides, bis(cart)amoyl)telluride8, dlacyldftellu- 
rides. bl8(o)(ycart)onyl)dltellurides, bis(carbamoyl)dltellurides, compounds with P-Te bond, tellurocarboxylates. telluro- 
suifonates, compounds with P-Te bond, tellurocarbonyl compounds, etc. For these, spedfically mentioned are the 
5 conrtpounds described in JP-A-11 -65021 , paragraph 0030. Particulariy prefen^ed are the compounds of formulae (II), 
(III) and (iV) given in JP-A-5-313284. 

[0087] In the present Invention, the chemical sensitization may be performed at any time so long as it is performed 
after the fbmiation of the grains and before the coating. It may be performed after desalting end (1) before the spectral 
sensitization, (2) simultaneously with the spectral sensitization, (3) after the spectral sensitization, (4) immediately 

10 before the coating, or the llice. It is particularty preferably performed after spectral sensitization. 

[0088] The amount of the sulfur, selenium or tellurium sensitizer for use in the present invention varies depending 
on the type of the silver halide grains to be used, the condition for chemical ripening etc., but may fall generally between 
10"® and 10'2 mole, preferably between 10'^ and 10*^ mole or so, per mol of the silver halide. Although the conditions 
for the chemical sensitization are not particularly limited in the present Invention, pH falls between 5 and 8, the pAg falls 

15 between 6 and 1 1 , preferably between 7 and 1 0, and the temperature falls between 40 and 95*»C, preferably between 
44 and 70*C. 

[0089] In the photothennographic material of the present Invention, one or more photosensitive silver halide emul- 
sions may be used or two or more different emulsions (for example, those having different average grain sizes, different 
halogen compositions, different crystal habits or different chemical sensitization conditions) may be used In comblna- 
20 tion. By using plural photosensitive silver halides having different sensitivities, contrast can be controlled. Examples of 
the techniques in the art include those mentioned in JP-A-57-1 1 9341 , JP-A-53-106125, JP-A-47-3929. JP-A-48-65730, 
JP-A-46-51 87, JP-A-50-73627, JP-A-57-1 50841 and SO forth. Each emulsion may preferably have sensitivity difference 
of 0,2 log E or higher. 

[0090] The amount of the photosensitive silver halide is preferably 0.03 to 0.6 g^m^, more preferably 0.05 to 0.4 
25 g/m^, most preferably 0. 1 to 0.4 g/m^, as the amount of coated silver per 1 of a photosensitive material. The amount 
of the photosensitive silver halide per mole of the silver salt of an organic acid is preferably from 0.01 to 0.S mole, more 
preferably from 0.02 to 0.3 mole, still more preferably from 0.03 to 0.25 mole. 

[0091] Methods and conditions for mixing photosensitive silver halide and a silver salt of an organic acid, which are 
prepared separately, are not particulariy limited so long as the effect of the present invention can be attained satisfac- 

30 torily. Examples thereof include, for example, a method of mixing silver haRde grains and a silver salt of an organic add 
after completion of respecth^ preparations by using a high-speed stining machine, ball mill, sand mill, colloid mill, 
vibrating mill or homogenizer or the like, or a method of preparing a silver salt of an organic acid by mixing a photosen- 
sitive silver halide obtained separately at any time during the preparation of the silver salt of an organic acid. 
[0092] PrefenBd time for addition of a sliver halide to a coating solution for image-forming layer resides In a period 

35 of from 1 80 minutes before coating to just before coating, preferably 60 minutes to 1 0 seconds before coating. Methods 
and conditions for mixing are not particulariy limited so long as the effect of the present invention can be obtained sat- 
isfactorily. Specific examples of the mixing method include a method In which a mixing Is perfonmed In a tank designed 
so as to obtain a desired average residence time which is cabulated from addition flow rate and feeding amount to a 
coater, a method utilizing a static mixer described in N. Harnby, M.F. Edwards, A.W. NIenow. "Ekitai Kongo Gljutsu 

40 (Techniques for Mixing Uquids)", translated by Kojl TkkahashI, Chapter 8, Nikkan Kogyo Shinbunsha, 1 989 and so forth. 
[0093] The binder of the layer containing the silver salt of an organte acid of the present invention may be any pol- 
ymer. Prefenned binders ere those that are transparent or translucent, and generally cobrtess. The binder may consist 
of, for example, a naturally occuning resin, polymer or copolymer, synthetic resin, polymer or copolymer or other media 
that can form a film, such as gelatins, rubbers, poly(vinyl alcohols), hydroxyethyteellu loses, cellulose acetates, cellulose 

45 acetate butyrates, poly(vinytpyrrolidones). casein, starch, poly(acryllc acids), poiy(methyl metiiacrylates), poly(vinyl 
chk)rides)» poiy(methacrylte acids), styrene/hnaleic anhydride copolymera, styrene/acrylonitrile copolymers, sty- 
rene/butadlene copolynners, poly(vinyt acetals) (e.g., poly(vinyl fbrmal). poly(vinyi butyral)), poly(e8ters), poly(ure- 
thanes), phenoxy resin, poty(vinyiidene chtorides). poly(epoxide8). poty(carbonates). poly(vinyl acetates), poly(olefin8). 
cellulose esters and poly(amides). 

$0 [0094] In the present invention, the binder of the layer containing the silver salt of an organic acid preferably has a 
glass transition temperature of 20-80°C (also referred to as "high Tg binder" hereinafter), more preferably 23-60*C. 
[0095] In the present specification, Tg is cabutated in accordance witii the following equation. 

1/Tg = £(X!n-gi) 

55 

[0096] in tills case, ttie polymer is considered to be composed of copolymerized monomer components of i - 1 to 
n, i.e.. In the number of n, Xi represents a weight ratio of the l-th monomer (IXi = 1), and Tgi is a glass transition tem- 
perature (absolute temperature) of a homopolymer composed of the i-th monomer. L means the sum of i = 1 to n. As 
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the value of glass transition temperature of a homopolynrier composed of each monomer (Tgi), used was a value men- 
tioned In Polymer Handbook (3rd Edition) (J. Brandrup. E.H. Immergut (Wiley-lnterscience, 1989)). 
[0097] Polymers serving as the binder may be used each kind alone, or two or more Wnds of them may be used in 
combination as required. Further, one having a glass transition temperature of 20^^ or higher and one having a glass 
5 transition temperature of lower than 20*^0 may be used In combination. When a blend of two or more kinds of polymers 
having different glass transition temperatures is used, it is preferred that its weight average Tg should faW within the 
aforementioned range. 

[0098] In the present Invention, if the layer containing the silver salt of an organic acid Is formed by using an aque- 
ous coating solution containing 30% by weight or more of water based on a total solvent. In partknjiar, a coating solution 
10 containing a polymer latex having an equilibrated nrK>istune content of 2 weight % or less at 25**C and relative humidity 
of 60%, the performance Is improved. In the most prefen^d embodiment, the polymer latex Is prepared to have an Ion 
conductivity of 2.5 mS/cm or less. An example of a method for preparing such polymer latex includes a method com- 
prising the step of synthesizing a polymer and then purifying the polymer by using a functional membrane for separa- 
tion. 

15 [0099] The aqueous solvent in whteh the polymer binder is soluble or disperslble Is water or water mixed with 70% 
by weight or less of a water^misclbte organic solvent Examples of the water-miscible organic solvent include, for exam- 
ple, ak:ohots such as methyl ateohol. ethyl ateohol and propyl alcohol; cetlosotves such as methyl celiosolve, ethyl cei- 
losolve and butyl celiosolve; ethyl acetate, dimethylfonnamide and so forth. 

[0100] TTie tenn ^aqueous sotvenr used herein also encompasses systems In whtoh a polymer is not thermody- 
20 namtoally dissolved but is present In a so-called dispersed state. 

[0101] The definition "equilibrated moisture content at 25^C and relative humidity of 60%' used herein can be rep- 
resented by the following equation, in whk^h W1 indicates the weight of a polymer at humidity^onditioned equilibrium 
In an atmosphere of 25''C and relative humidity of 60%, and WO indicates the absolute dry weight of the polymer at 
25^C. 

25 

Equilibrated moisture content at 25*^C and relative humidity of 60% =: [(W1 - W0)/W0] x 100 (weight %) 

[0102] As for details of the definition of moisture content and methods for measurement, for example, Lecture of 
Polymer Engineering, 14, Test Methods for Polymer Materials (Polymer Society of Japan, Chijin Shokan) can be 
30 refienied to. 

[0103] The equilibrated moisture content at 25"^ and relative humidity of 60% of the binder polymer used for the 
present invention Is preferably 2% by weight or less, more preferably from 0.01 to 1 .5% by weight, most preferably from 
0.02 to 1% by weight 

[0104] In the present invention, polymers disperslble In aqueous solvents are particularly prefen-ed. 
35 [0105] Examples of systems in the dispersed state include, for example, polymer lat«c in which fine solid partksles 
of polymer are dispersed, and a system in which a polymer is dispersed in a molecular state or as mk:elles. both of 
which are prefen^. 

[0106] In prefen^ed embodiments of the Invention, hydrophobe polymers such as acrylk; resins, polyester resins, 
rubber resins (e.g., SBR resins), potyurethane resins, polyvinyl chloride resins, polyvinyl acetate resins, polyvinylldene 

40 chloride resins, and polyolefin resins can preferably be used. The polymers may be linear, branched or crosslinked. 
They mey be so-called homopolymers in whk:h a single monomer is polymerized, or copolymers In whteh two or more 
diffiereht kinds of monomers are polymerized. The copolymers nrtay be random copolymers or btock copolymers. The 
polymers may have a number average molecular weight of 5,000 to 1 ,000,000, preferably from 1 0,000 to 200,000. Pol- 
ymers having a too small molecular weight fail to give sufficient mechanteal strength of an emulsion layer, and those 

415 having a too large molecular weight yield bad film fonming property, and both of whteh are not prefenred. 

[0107] The 'aqueous solvent" mentioned above means a disperston medium of which composition comprises at 
least 30% fay weight of water. As for a state of dispersion, systems In any state may be used, for example, emulsion 
dispersion, mtoellar dispersion, molecular dispersion of a polymer having a hydrophiRc moiety and so forth. Among 
them, polymer latex Is particularly preferred. 

50 [0108] Preferred examples of the polymer latex are shown below. They are described as monomers as starting 
materials. The numerals parenthesized are Indicated as % by weight, and ttie molecular weights are number average 
molecular weigtits. 

P-1: Latex of -MMA(70)-EA(27)-MAA(3)- (molecular weight: 37000) 
56 P'2: Latex of -MMA(70)-2EHA(20)-St(5)-AA{5)- (molecular weight 40000) 
P-3: Latex of -St(60)-Bu(47)-IViMA(3)- (molecular weight: 46000) 
P-4: Latex of -St(68)-Bu(29)-AA(3)- (molecular weight 60000) 
P-5: Latex of -St(70)-Bu(27)-IA(3)- (molecular weight 120000) 
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P-6: Latex of -St(75)-Bu{24)-AA(1)- (molecular weight 108000) 

P-7: Latex of -St(60)-Bu(35)-DVB(3)-MAA(2)- (molecular weight 150000) 

P-8: Latex of -St(70)-Bu(25)-DVB(2)-AA(3)- (molecular weight 280000) 

P>9: Latex of -VC(50)'MMA(20)-EA(20)-AN(5)-AA(5)- (molecular weight 80000) 

P-10: Latex of -VDC(85)-MMA(5)-EA(5).MAA(5)- (molecular weight 67000) 

P-1 1 : Latex of -Et(90)-MAA(10)- (molecular weight 12000) 

P-12: Latex of -St(70)-2EHA(27)-AA(3)- (molecular weight 130000) 

P-13: Latex of -MMA(63)-EA(35)-AA(2)- (molecular weight 33000) 

P-14: Latex of -St(80)-Bu(20)- (Tg = 39*C, crossllnked) 

P-15: Utex of -St(85)-Bu(15)- (Tg = 52''C, crDSsHnked) 

P-1 6: Latex of -St(90)-Bu(7)-AA(3)- (Tg = 76'»C. crosslinked) 

P-1 7: Latex of -St(70)-BM A(30)- (Tg = 63*'C, molecular weight 1 26000) 

P-1 8: Latex of -St(66)-BMA(30)-AA(5)- (Tg = 63«C, molecular weight: 102000) 

P-19: Latex of -St(75)-Bu(15)-BMA(10)- (Tg = 37'*C. crosslinked) 

P-20: Latex of -St(80)-2EHA(15)-AA(5)- (Tg = 66«C. molecular weight 98000) 

P-21 : Latex of -St(92)-Bu(5)-AA(3)- (Tg = 84^C, crosslinked) 

P-22: Latex of -MMA(76)-2EHA(22)-EGDA(2)- (Tg = 55*C. crosslinked) 

P-23: Latex of -MMA(60)-MA(40)- (Tg = eO'^C, 253000) 

P-24: Latex of -St(80)-Bu(12)-AA{3)-DVB{5)- (Tg = 80»C, crosslinked) 

P-25: Latex of -t-BA(IOO)- (Tg = 77«C, 169000) 

P-26: Latex of -St(74)-Bu(20)-AA(3)- (Tg = 3rC, crosslinked) 

P-27: Latex of -St(71)-Bu(26)-AA(3)- (Tg = 24^C. crosslinked) 

P-28: Latex of -St(70.5)-Bu(26.5)-AA(3)- (Tg = 23''C, crosslinked) 

P-29: Latex of -St(69.5)-Bu(28.5)-AA(3)- (Tg = 20.5X. crosslinked) 

[0109] Abbreviattons In the above fommjia represent the foltowing monomers: 



MMA: methyl methacrylate 

EA: ethyl acrylate 

M AA: methacryllc acid 

2EHA: 2-ethylhexyt acrylate 

St:8tyrene 

Bu: butadiene 

AA: acrylic acid 

DVB: divinylbenzene 

VC: vinyl chloride 

AN: acrylonttrlle 

VDC: vinylldene chloride 

Et ethylene 

lA: itaconic acid 

MA: methyl acrylate 

BMA: butyl methacrylate 

EGDA: ethylene glycol diacrylate 

t-BA: t-butyl acrylate 



[0110] The polymer latexes mentioned above are also commercially available, and those menttoned below can be 
used. Examples of acryHc resins include CEBIAN A-4635, 46583, 4601 (all from Dateel Chemical Industries), Nipol 
Lx81 1 , 814, 821 , 820, 857 (all from Nippon Zeon) and so forth; examples of polyester resins Include FINETEX ES650, 
611, 675, 850 (all from Dai-Nlppon Ink and Chemicals), WD-slze. WMS (both from Eastman Chemical) and so forth; 
examples of polyurethane resins Include HYDRAN AP10, 20, 30, 40 (all from Dai-Nlppon Ink and Chemicals) and so 
forth; examples of rubber neslns are LACSTAR 731 OK, 3307B, 4700H, 7132C (all from Dai-Nlppon Ink & Chemicals) 
Nipol Lx41 6, 41 0, 438C, 2507 (all from Nippon Zeon) and so forth; samples of polyvinyl chloride resins Include G351 , 
G576 (both from Nippon Zeon) and so forth; examples of polyvlnytldene chloride resins are L502, L513 (both from 
Asahi Chemical Industry) and so forth; examples of polyolefln resins include CHEMIPEARL SI 20, SA100 (both from 
Mitsui Petrochemteal) and so forth. 

[Oil 1 ] These polymer latexes may be used alone, or two or more of them mey be blended as required. 

[0112] As the polymer latex used in the present invention, styrene/butadiene copolymer latex is particulariy pre- 

fenred. In the styrene/butadiene copolymer, the weight ratio of styrene monomer units to butadiene monomer units is 
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preferably 40/60 to 95/5. The ratio of the styrene monomer units and the butadiene monomer unrts In the copolymer 
may preferably be from 60 to 99% by weight. The prefenred range of the molecuiar weight of the copolymer is similar to 
that mentioned above. 

[0113] Examples of styrene/butadiene copolymer latexes preferably used for the present invention include the 
5 aforementioned P-3 to P-8, P-14 to P-16, P-19. P-21, P-24. P-26 to P-29, commercially available products, UVCSTAR- 
3307B, 7132C. Nipol Lx416 and so forth. 

[0114] The layer containing silver salt of an organic acid of the photothemnographic material of the present Inven- 
tion may optionally be added with a hydrophllic polymer such as gelatin, polyvinytatcohol, methylceilutose and hydrox- 
ypropylcellulose. The amount of the hydrophllic polymer is preferably 30% by weight or less, more preferably 20% by 

to weight or less, of the total binder In the layer containing silver salt of an organic add. 

[0115] The layer containing sih/er salt of an organic acid (i.e.. the image-forming layer) may preferably be those 
formed by using a polymer latex. The amount of the binder in the layer containing a silver salt of an organic acid may 
be 1/1 0 to 1 0/1 , more preferably 1/5 to 4/1 , as Indicated by a weight ratio of a total binder/a silver salt of an oiganic acid. 
[0116] The layer containing sih^er salt of an organic add generally also serves as a photosensitive layer (an emul- 

IS slon layer) containing a photosensitive silver halide as a photosensitive silver salt In that case, the weight ratio of a total 
binder/a silver halide may preferably be 5 to 400, more preferably 10 to 200. 

[0117] The total amount of the binder In the image^orming layer of the photothermographic material of the present 
invention is preferably 0.2 to 30 g/m^, more preferably 1 to 15 g/rn^. The image-fonning layer may optionally be added 
with a crossiinking agent, a surfactant to improve coating property of a coating solution and so forth. 

20 [0118] The solvent for the coating solution Ibrthe layer containing silver salt of an organic acid of the phototiiermo- 
graphic material of the present invention (for simplicity, a dispersion medium as well as a solvent is herein referred to 
as a "solvent*) is an aqueous solvent containing at least 30% by weight of water. As components other than water, any 
water-misclble organic solvents may be used such as, for example, methyl alcohol, ethyl alcohol, isopropyl alcohol, 
methyl cellosolve, ethyl cellosolve, dimethylfonnamide, etiiyl acetate and so fortii. The water content of the soh/ent for 

25 the coating solution is preferably at least 50% by vyelght, more preferably at least 70% by weight Prefemed examples 
of ttie soh/ent composition Include water/inethyl alcohol = 90/10, waterAnethyl alcohol = 70/30, water/methyl alco- 
hol/dimetiiylformamlde = 80/15/5, water/methyl alcohol/ethyl cellosolve = 80/10/5, water/hrtethyi alcohol/isopropyl aico- 
hoi = 85/10/6 and so forth as well as water (numerals indicate weight %) 

[01 19] As antifoggants, stabilizers and stabilizer precursors that can be used for the present invention, there can be 
30 mentioned, for example, those mentioned in JP-A-1 0-62899, paragraph 0070 and European Patent Publication 
EP0d03764A1, from page 20, line 67 to page 21, line 7. Antifoggants preferably used for the present Invention are 
organic halides. Examples thereof Include, f6r example, those disclosed in JP-A-1 1 -65021 , paragraphs 01 1 1 to 01 12. 

Particularly prefen^ are the polyhalogenated compounds of fbrnnula (II) mentioned in JP-A-1 0-339934 (specific exam- 
ples are tribromomethylnaphttTylsulfbne, tribromomethylphenylsulfone, tribromomethyl(4-(2,4,6-trlmethylsulfonyl)phe- 
35 nyl)sulfone, etc.). 

[0120] The antifoggants can be formulated In the photothermographic material by tiie methods mentioned above 
as methods for fonfnulating the heat developing agents. The polyhalogenated connpounds are also preferably added in 
the fomn of solid microparticle dispersion. 

[0121] Other examples of the antifoggant indude the mercury(ii) salts described in JP-A-1 1-65021, paragraph 
40 01 13, the benzo'c acids described in the same, paragraph 01 14, the salicylic acid derivatives represented by the for- 
mula (Z) mentioned in Japanese Patent Application No. 1 1 -87297 and the fomnalin scavenger compounds represented 
by tiie fonmula (S) mentioned In Japanese Patent /^plication No. 1 1-23995. 

[0122] The photothermographic material of tiie present invention may contain an azollum salt as the antifoggant. 
Examples of the azollum salt Indude, for example, the compounds of the formula (XI) disclosed in JP-A-59-1 93447, the 

45 compounds disclosed In JP-B-55-12581 and ttie compounds of the formula (II) disclosed in JP-A-60- 153039. The azo- 
llum salt may be added In any site of the photothenmographic material, and is preferably added in one or more layers 
on the side of an Image-forming layer, more pnsfierably in ti^e layer containing silver salt of an organic add. The azollum 
salt mey be added at any time during ttie preparation of the coating solution. When the azolium salt is added to ttie layer 
containing silver salt of an organic acid, the azolium salt may be added at any time during the period of from tiie prep- 

$0 aration of the silver salt of an organic acid to the preparation of the coating solution. A time during the period after the 
preparation of the silver salt of an organic acid and just before coating is preferred. The azolium salt may be added as 
any fomi such as powder, solution and micropartide dispersion. The salt mey also be added as a solution prepared by 
mixing the salt witti ottier additives such as a sensitizing dye, a nedudng agent, and a toning agent. In the present inven- 
tion, the amount of the azolium salt to be added is not particularty limited, and the amount may preferably be 1 x lOr® 

55 mole to 2 moles, more preferably 1x10'^ mole to 0.5 mole, per mole of silver. 

[0123] The photothenmographic material of the Invention may optionally contain a mercapto compound, a disulfide 
compound, and a thione compound to accelerate, suppress, or control development, or increase efficiency in spectral 
sensitiv'rty, or to Improve storability before and after development Examples include, for example, those compounds 
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described in JP-A-1 0-62899, paragraphs 0067 to 0069, compounds of the formula (I) and specific examples In the par- 
agraphs 0033 to 0052 of JP-A-1 0-186572, and those described In European Patent Publication EP0803764A1, page 
20, lines 36 to 56. Among them, men^pto-substituted heteroaromatic compounds are preferred. 
[0124] In the photothermographic material of present invention, it is preferable to add a toning agent. Exannples of 

5 the toning agent are described In JP-A-ia-62899» paragraphs 0054 to 0055 and European Patent Publication 
EP0803764A1 , page 21 . lines 23 to 48. Prefen^d examples include phthaiazinone, phthalazlnone derivatives (e.g., 4- 
(1-naphthyl)phthala2inone, 6-chiorophthala2inone, 5,7-dimethoxyphthala2lnone, 2,3-di hydro- 1,4-phthalazi none and 
other derivatives) and metal salts thereof; combinations of phthalazinones and phthalic add or derivatives thereof (e.g., 
phthallc acid, 4-methylphthalic acid. 4-nitrophthaltc acid, tetrachiorophthallc anhydride and so forth); phthalazines 

10 including phthalazlne and phthalazine derivatives (e.g., 4-(1-naphthyi)phthalazlne. 6-isopropytphthalazlne, 64-butyl- 
phthalazlne, e-chlorophthalazlne, 5,7-dlmethoxyphthala2ine, 2,3-dihydrophthalazlne and other derivatives) and metal 
salts thereof; combinations of phthalazines and phthallc acid or derivatives thereof (e.g., phthalic add, 4-methyiphthallc 
acid, 4-nitrophthalic acid, tetrachiorophthallc anhydride and so forth). Particularly preferred examples include the com- 
binations of phthalazines and phthalic acid or derivatives thereof. 

15 [0126] Plastlcizers and lubricants that can be used for the photosensitive layer are described In JP-A-11^021 , 
paragraph 01 1 7. Ultrahigh contrast agents for forming ultrahigh contrast images are described in the same publication, 
paragraph 01 18 and those mentioned in Japanese Patent Application No. 11 -91 652 as compounds of the formulas (ill) 
to (V) (specific compounds: Chem. 21 to Chem 24); and hardness enhancement promoters are described in JP-A-1 1- 
65021, paragraph 0102. 

20 [0126] The ultrahigh contrast agent used for the present Invention Is preferably selected from the group consisting 
of substituted alkene derivatives, substituted isoxazole derivatives and acatai compounds represented by the following 
formulas (Vil), (VIII) and (IX), respectively. 
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35 

[0127] The compound represented by the fonnuia (VII) will be described in detail below. 

[0128] In the fonnula (VII), p7\ and Independently represent a hydrogen atom or a substituent 

[0129] When R^\ R^ or R^ represents a substituent, wcamples of the substituent include a halogen atom (e.g., 

40 fluorine, chlorine, bromide, iodine), an alkyl group (including a cycloalkyl group and active methine group), an araikyl 
group, an alkenyl group, an alkynyl group, an aryl group, a heterocycnc group (including N-substituted nitrogen-<x>ntain- 
Ing heterocycltc group), a quatemized nitrogen-containing heterocyclic group (e.g., pyridinio group), an acyl group, an 
alkoxycarioonyl group, an aryloxycarbonyl group, a carbamoyl group, a cariboxyl group or a salt thereof, an Imino group, 
an ImIno group substituted at N atom, a thiocarbonyl group, a sulfonylcari^amoyi group, an acylcarbamoyt group, a sul- 

45 famoyk:ari3anrtoyl group, a cart>azoyt group, an oxatyi group, an oxamcyl group, cyano group, a thiocarisamoyi group, 
hydroxy! group or a salt thereof, an alkxxxfi group (including a group containing ethyieneoxy group or propyleneoxy 
group repeating unit), an aryloxy group, a heterocyclyloxy group, an acytoxy group, an (alkoxy or aryloxy)cari)onyioxy 
group, a carbamoyioxy group, a sulfbnyloxy ^oup, an amino group, an (alkyl, aryl or heterocyclyi)amino group, an 
acylamino group, a sulfonamido group, a uretdo group, a thioureido group, an imido group, an (alkoxy or aryloxy)cari3- 

50 onylamino group, a sulfamoylamino group, a semicarbazide group, a thiosembarbazide group, a hydrazine group, a 
quaternary ammonio group, an oxamoylamino group, an (alkyl or aryl)sulfonylureido group, an acylureido group, an 
acylsul^oylamino group, nitro group, mercapto group, an (alkyl, aryl or heterocyciyt)thio group, an acylthio group, an 
(alkyl or aryl)sulfonyl group, an (alkyl or aryl)sulfinyl group, sulfo group or a salt thereof, a sulfamoyi group, an acylsul- 
famoyl group, a sulfonylsulfiamoyt group or a salt thereof, a phosphoryl group, a group containing phosphoramide or 

55 phosphoric acid ester structure, a sily I group and a stannyl group. These substltuents each may further be substituted 
with any one or more of the above-described substltuents. 

[0130] The substituent represented by R^^ R^ or R^ is preferably a group having a total caridon atom number of 
from 0 to 30, and specific examples of the group include a group having the same meaning as the electron withdrawing 
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group represented by Z In the fomiula (VH), an alkyi group, hydroxyl group or a salt thereof, nriefx:apto group or a salt 
thereof, an alkoxyl group, an aryloxy group, a heterocydyloxy group, an alkylthio group, an arytthio group, a hetero- 
cydylthio group, an amino group, an alkylamino group, an arylannino group, a heterocydytanrtlno group, a ureido group, 
an acytamino group, a sutfbnamido group and a substituted or unsubstituted aryl group and the Ilka. 

5 [0131] R^^ is preferably a hydrogen atom, an electron withdrawing group, an aryl group, an alkylthio group, an 
alkoxyl group, an acylamino group or a silyl group. More preferably, it is an electron withdrawing group or an aryl group. 
[0132] When R^^ represents an electron withdrawing group, R^^ is preferably a group having a total carbon atom 
number of from 0 to 30 such as a cyano group, a nitro group, an acyl group, a formyl group, an alkoxycarbonyl group, 
an aryloxycarbonyl group, a thiocarbonyl group, an imino group, an imino group substituted at N atom, an alkyisulfonyl 

10 group, an arylsulfonyl group, a carbamoyl group, a sulfamoyi group, a trifluoromethyt group, a phosphoryl group, car- 
boxy group or a salt thereof, a saturated or unsaturated heterocydlc group, more preferably cyano groups an acyl 
group, a fonnyl group, an alkoxycart>onyl group, a carbamoyl group, an Imino group, an imino group substituted at N 
atom, a sulfamoyi group, a carboxyl group or a salt thereof or a saturated or unsaturated heterocyclte group, partteularty 
preferably cyano group, a fonrryl group, an acyl group, an alkoxycarbonyl group, a carbamoyl group or a saturated or 

15 unsaturated heterocyclic group. 

[0133) When R^^ represents an aryl group. R^^ is preferably a substituted or unsubstituted phenyl group having a 
total carbon atom number of from 6 to 30. The subst'rtuent may be any substituent but an electron withdrawing substit- 
uent is preferred. 

[0134] In the formula (VII), when R^^ or R^ represents a substituent, R^ or R^ preferably represents a group hav- 
20 Ing the same meaning as the electron withdrawing group represented by Z In the fdmiula (VII) mentioned hereinafter, 
an alkyI group, hydroxyl group or a salt thereof, mercapto group or a salt thereof, an alkoxy group, an aryloxy group, a 
heterocydyloxy group, an alkylthio group, an arylthio group, a heterocyclylthio group, an amino group, an alkylamino 
group, an aniiino group, a heterocydylamino group, an acytamino group or a substituted or unsubstituted phenyl group. 
[0135] It is more prefened that one of R^ and R^ Is a hydrogen atom and the other Is a substituent The substitu- 
25 ent is preferably an alkyI group, hydroxyl group or a salt thereof, mercapto group or a salt thereof, an alkoxyl group, an 
aryloxy group, a heterocydyloxy group, an alkylthio group, an aryithio group, a heterocyclylthio group, an amino group, 
an alkylamino group, an anllino group, a heterocydylamino group, an acylamino group (particularly, a perfluoroaikana- 
mido group), a sulfonamide group, a substituted or unsubstituted phenyl group or a heterocyclic group, more preferably 
hydroxyl group or a salt thereof, mercapto group or a salt thereof, an alkoxy group, an aryloxy group, a heterocydyloxy 
30 group, an alkylthio group, en arylthio group, a heterocyclylthio group or a heterocydlc group, still more preferably 
hydroxyl group or a salt thereof, an alkoxy group or a heterocyclic group. 

[0139] In the Ibnnula (VII), Z represents an electron withdrawing group or a silyl group. More preferably, Z is an 
electron withdrawing group. 

[0137] The electron withdrawing group represented by Z is a substituent having a Hammetfs substituent constant 
35 op of a positive value, and specific ^camples thereof include a cyano group, an alkoxycarbonyl group, an aryloxycarb- 
onyl group, a caitamoyi group, an Imino group, an imino group substituted at N atom, a thiocaitonyl group, a sulfiamoyi 
group, an alkyisulfonyl group, an arylsulfbnyl group, a nItro group, a halogen atom, a perfluoroalkyi group, a perfluoro- 
alkanamldo group, a suifonamido group, an acyl group, a fbnrtyl group, a phosphoryl group, carboxy group or a salt 
thereof, sulfb group or a salt thereof, a heterocydlc group, an alkenyl group, an alkynyl group, an acyloxy group, an 
40 acylthio group, a sulfonyloxy group and an aryl group substituted with the above-described electron withdrawing group. 
The heterocydlc group is a saturated or unsaturated heterocyclic group, and examples thereof indude a pyridyl group, 
a quinolyl group, a quinoxallnyt group, a pyrazinyt group, a benzotrlazolyl group, an imtdazolyl group, a benzimkiazolyl 
group, a hydanloln-1-yl group, a sucdnimkio group and a phthalimido group and so forth. 

[0138] The electron withdrawing group represented by Z may further have one or more substituents, and examples 

45 of the substituents Include those represented by R^ or R^ in the fonriula (Vll). 

[0139] When Z represents an electron withdrawing group, Z is preferably a group having a total carbon atom 
number of from 0 to 30 such as a cyano group, an alkoxycarbonyl group, an aryloxycarbonyl group, a cart>amoyl group, 
a thiocartx>nyl group, an imino group, an Imino group substituted at N atom, a sulfamoyi group, an alkyisulfonyl group, 
an arylsulfonyl group, nitro group, a perfluoroalkyi group, an acyl group, a formyl group, a phosphoryl group, an acyloxy 

50 group, an acylthio group or a phenyl group substituted with an arbitrary electron withdrawing group, more preferably a 
cyano group, an alkoxycarbonyl group, a carbamoyl group, an imino group, a sulfamoyi group, an alkyisulfonyl group, 
an arylsulfonyl group, an acyl group, a fomnyl group, a phosphoryl group, a trifluoromethyt group or a phenyl group sub- 
stituted with an arbitrary electron withdrawing group, still more preferably a cyano group, a formyl group, an acyl group, 
an alkoxycart>onyl group, an imino group or a cart)amQyi group. 

55 [0140] When Z represents a silyl group, it is preferably trimethylsilyl group, t-butyldlmethylsilyl group, phenyldlmeth- 
ylsilyl group, triethylsilyl group, triisopropylsllyl group, trimethylsilyldimethylsilyl group or the like. 
[0141] In the formula (Vll), R^^ and Z, R^ and R^, R''^ and R^, or R^ and Z may be combined with each other 
to form a ring structure. It Is particularly prefened that R^^ and Z or R^ and R^ form a ring structure. 
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[0142] The ring structure formed is a non-aromatic carbocydlc ring or a non-aromatic heterocyclic ring, preferably 
a 5-, 6- or 7-membered ring structure having a total carbon atom number Including those of substituents of from 1 to 40. 
more preferably from 3 to 30. 

[0143] The compound represented by the fomriula (VII) is more preferably a compound where Z represents a cyano 
5 group, a fomnyl group, an acyl group, an alkoxycart>onyl group, an imino group or a carbamoyl group, R^^ represents an 
electron withdrawing group or an aryl group, and one of and R^ represents hydrogen atom and the other repre- 
sents hydroxyl group or a salt thereof, mencapto group or a salt thereof, an alkoxy group, an aryloxy group, a hetero- 
cyclyloxy group, an alkylthio group, an arylthio group, a heterocyclylthio group or a heterocyclic group. 
[0144] The compound represented by the formula (VII) is partlcutariy preferably a compound where Z and fbrnn 
10 a non-aromatic 5-. 6- or 7-membered ring structure and one of R^ and R^ represents a hydrogen atom and the other 
represents hydroxy! group or a ^It thereof, mercapto group or a salt thereof, an alkoxy group, an aryloxy group, a het- 
erocyclyloxy group, an alkylthio group, an arylthio group, a heterocyclylthio group or a heterocyclic group, in such a 
conrtpound. Z which forms a non-aromatic ring structure together with R^^ is preferably an acyl group, a carbamoyl 
group, an oxycarbcnyl group, a thiocarbonyl group or a suifbnyl group or the like, and R^^ is preferably an acyl group, a 
15 carbamoyl group, an oxycarbonyl group, a thiocarbonyl group, a sulfonyl group, an imino group, an imino group substi- 
tuted at N atom, an acylamino group or a cariDonylthio group. 
[0145] The compound represented by the fomnula (VIII) will be explained below. 

[0146] In the formula (VIII). examples of the substituent represented by R^^ include those described for the substit- 
uent represented by R^, R^ or R^ in the formula (VII). R®^ is preferably an electron withdrawing group. 

20 [01471 When R^^ represents an electron wtthdrawing group, the electron withdrawing group Is preferably a group 
having a total carbon atom number of from 0 to 30. such as a cyano group, a nitro group, an acyl group, a formyl group, 
an alkoxycarbonyl group, an aryloxycarbonyl group, an alkylsutfonyl group, an arylsulfonyl group, a carbamoyl group, a 
sulfamoyi group, a trifluoromethyl group, a phosphoryl group, an imino group or a saturated or unsaturated heterocyclic 
group, more preferably a cyano group, an acyl group, a fomnyl group,_an alkoxycarbonyl group, a cartsamoyi group,'a 

2S sulfamoyi group, an alkylsulfonyl group, an arylsutfonyl group or a heterocyclic group, particularly preferably a cyano 
group, a fomryl group, an acyl group, an alkoxycarbonyl group, a cartjamoyi group or a heterocyclic group. 
[0148] When R^^ represents an aryl group, R®^ is preferably a substituted or unsubstituted phenyl group having a 
total carbon atom number of from 0 to 30. Examples of the substftuent include those described for the substituent rep- 
resented by r7\ R^ or R^ in the tbnmula (VII). 

30 [0149] is particulaHy preferably a cyano groi^, an alkoxycarbonyl group, a carbamoyl group, a heterocydk: 

group or a subsdtuted or unsubstituted phenyl group, most prefisrably a cyano group, a heterocyclk: group or an alkox- 
ycarbonyl group. 

[0150] The compound represented by the fomnula (IX) will be explained below. 

[01 51 ] In the formula (IX), X and Y each independently represent a hydrogen atom or a substituent, or X and Y may 

35 be combined with each other to fomi a ring structure. 

[0152] Examples of the substituent represented by X or Y include those described for the substituent represented 
by R^\ R^ or R^ In the fonmula (VII). Specifte examples thereof include an alkyl group (Including a perfiuoroalkyi 
group, a trichloromethyl group eta), an aryl group, a heterocydte group, a halogen atom, a cyano group, a nitro group, 
an alkenyl group, an alkynyl group, an acyl group, a formyl group, an alkoxycarbonyl group, an aryloxycarbonyl group. 

40 an imino group, an imino group sulastituted at N atom, a carbamoyl group, a thiocarlx>nyt group, an acyloxy group, an 
acytthlo group, an acytemino group, an alkylsulfonyl group, an arylsulfonyl group, a sulfamoyi group, a phosphoryl 
group, carboxy group or a salt thereof, sulfo group or a salt thereof, hydroxyl group or a salt thereof, mercapto group or 
a salt thereof, an alkoxy group, an aryloxy group, a heterocyctyloxy group, an alkylthio group, an arylthio group, a hete- 
rocyclylthio group, an amino group, an alkylamino group, an anilino group, a heterocyclylamino group, a silyl group and 

45 so forth. These groups each may further have one or more substituents. Attemativety. X and Y may be combined with 
each other to forni a ring structure, and the ring structuro fomied may be either a non-aromatic carbocydk: ring or a 
non-aromatic heterocyclic ring. 

[0153] The substituent represented by X or Y is preferably a substituent having a total carbon number of from 1 to 
40, more preferably from 1 to 30, such as a cyano group, an alkoxycartDonyl group, an aryloxycarbonyl group, a ear- 
so bamoyi group, an imino group, an imino group substituted at N atom, a thiocarbonyl group, a sulfamoyi group, an alkyl- 
sulfonyl group, an arylsulfonyl group, a nitro group, a perfiuoroalkyi group, an acyl group, a fbmrtyi group, a phosphoryl 
group, an acylamino group, an acyk)xy group, an acylthlo group, a heterocyclto group, an alkylthio group, an alkoxy 
group or an aryl group. 

[0154] X and Y each more preferably represents a cyano group, a nitro group, an alkoxycarbonyl group, a car- 
55 bamoyi group, an acyl group, a fonnyi group, an acylthio group, an acylamino group, a thiocartDonyl group, a sulfamoyi 
group, an alkylsulfonyl group, an arylsulfonyl group, an imino group, an imino group substituted at N atom, a phosphoryl 
group, a trifluoromethyl group, a heterocyclic group, a substituted phenyl group or the like, particularly preferably a 
cyano group, an alkoxycarbonyl group, a carbamoyl group, an alkylsulfonyl group, an arylsulfonyl group, an acyl group, 
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an acytthio group, an acylamino group, a thiocarbonyl group, a fomrryl group, an amino group» an Imino group substi- 
tuted at N atom, a heterocyclic group, a phenyl group substituted by an arbitrary electron withdrawing group or the RKfe. 
[0155] X and Y are also preferably combined with each other to fomi a non-aromatic carbocyclic ring or a non-aro- 
matic heterocyclic ring. The ring structure formed Is preferat>iy a 5-, 6- or 7-membered ring having a total carbon atom 
5 number including a substituent or substituents of from 1 to 40, more preferably from 3 to 30. X and Y for forming a ring 
structure each preferably represent an acyl group, a carbamoyl group, an oxycarbonyl group, a thiocarbonyl group, a 
sulfonyl group, an imino group, an imino group substituted at N atom, an acylamino group, a carbonylthio group or the 
like. 

[0156] In the formula (iX), A and B each independently represent an alkoxy group, an alkylthio group, an alkylamino 

10 group, an aryloxy group, an arylthio group, an anilino group, a heterocyctyloxy group, a heterocycylthio group or a het- 
erocyctylamino group. Alternatively, A and B may be combined with each other to fomn a ring structure. 
[0157] Those groups represented by A and B are preferably a group having a total carbon atom number of from 1 
to 40, more preferably from 1 to 30. and the group may further have one or more substituents. 
[0158] A and B are more preferably combined with each other to form a ring structure. The ring structure formed is 

IS preferably a 5-, 6- or 7Hfnembered non-aromatte heterocyclto ring having a total carbon atom number of from 1 to 40, 
more preferably from 3 to 30. Examples of the linked structure formed by A and B {-A-B-) Include -O-(CH2)2-0-, -O- 
{CH2)3-0-, -S-(CH2)2-S-. -S-(CH2)3-S-, -S-Ph-S-, -N(CH3)-(CH2)2-0-. -N(CH3)-(CH2)2-S-, -0-(CH3)2-S-, -0-(CH2)3-S-. 
-N(CH3)-Ph-0-, -N(CH3)-Ph-S-, -N(Ph)-(CH2)2*S- and so forth. Ph denotes a phenyl group. 
[0159] The compound represented by one of the fomnuias (VII) to (IX) used in the present Invention as an ultrahigh 

20 contrast agent may contain an adsorptlve group capable of adsorbing silver hallde. Examples of the adsorptlve group 
include the groups described in U.S. Patent Nos. 4,385,108 and 4,459,347, JP-A-59-195233, JP-A-59-200231, JP-A- 
59-201045, JP-A-59 -201046, JP-A-59-201047, JP-A-59-201048, JP-A-69-201049, J P-A-61 -170733, JP-A-61- 
270744, JP-A-62-948, JP-A-63-234244, JP-A-63-234245 and JP-A-63-234246, such as an alkylthio group, an arylthio 
groups a thiourea group, a thioamide group, a meroaptoheterocycllc group and a triazoie group. The adsorptlve group 

2S to silver halide may be fonmed Into a precursor. Examples of the precursor Include the groups descn'bed In JP-A-2- 
285344. 

[0160] The compound represented by one of the formulas (VII) to (IX) may contain a ballast group or polymer com- 
monly used in immobile photographk: additives such as a coupler, in particular, those containing a ballast group consti- 
tute a prefen^d embodiment of the present invention. The ballast group Is a group having 8 or more carbon atoms and 
30 being relaiUvely inactive to the photographic properties. Examples of the ballast group include an alkyi group, an aralkyi 
group, an alkoxyl group, a phenyl group, an alkyfphenyl group, a phenoxy group, an alkylphenoxy group and so Ibrth. 
Examples of the polymer include those described in JP-A-1 -100530 and so forth. 

[0161] The compound represented by one of the fomnuias (VII) to (IX) for use in the present invention nray contain 
a catlonto group (specifically, a group containing a quaternary ammonio group or a nitrogen-containing heterocyclic 

35 group containing a quatemized nitrogen atom), a group containing an ethyleneoxy group or a propyleneoxy group as a 
repeating unit, an (alkyI, aryl or h6terocyclyi)thio group, or a dissociative group capable of dissociation by a base (e.g., 
a carboxy group, a sutfb group, an acyisulfamoyi group, a carisamoylsulfamoyt group). In partteular, groups containing 
an ethyleneoxy group or a propyleneoxy group as a repeating unit, or an (alkyi, aryl or heterocyclyl)thio group is pre- 
fenBd examples for the present invention. Spedfic examples of these groups include the compounds described in JP- 

40 A-7-234471 . JP-A-5-333466, JP-A-6-1 9032, JP-A-6-1 9031 , JP-A-5-46761 , U.S. Patent Nos. 4,994,385 and 4.988.604. 
JP-A-3-259240, JP-A-7-5610, JP<A-7-244348 and German Patent No. 4.006.03^ 

[0162] The compounds represented by fonfnulas (VII) to (IX) used as an ultrahigh contrast agent In the present 
invention can be easily synthesized according to known methods, and may be synthesized by refening to, for example, 
U.S. Patent Nos. 5,545,515, 5,635,339 and 5.654,130. International Patent Publication W09r/341 96 or Japanese Pat- 
45 ent Appiteation Nos. 9-3541 07, 9-309813 and 9-272002. 

[0163] Specific examples of the connpounds represented by the formulas (VII) to (IX) for use in the present invention 
are shown below. However, the present Invention Is by no means limited to the following compounds. 
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The addition amount of the compounds represented by the fbmiuias (VII) to (IX) for use in the present invention is pref- 
erably from 1 X 1 0 ® to 1 mole, more preferably from 1 x 1 0"^ to 5 x 1 0" ^ mole, most preferably from 2 x 1 0'^ to 2 x 1 0'^ 
45 mole, per mole of silver. 

[0164] The compounds represented by the formulas (VII) to (IX) each may be used after dissoh^ing it In water or an 
appropriate organic solvent such as an alcohol (e.g.. methanol, ethanol, propanol. fluorinated alcohol), a ketone (e.g.. 
acetone, methyl ethyi ketone), dimethytfbrmamkte, dimethyl sulfoxide or methyl cellosotve. Also, they may be dissolved 
by a known emulslfication disper^on method using an oil such as dibutyl phthalate, tricresyl phosphate, glyceryl trlac- 
50 etate or diethyl phthalate. or an auxiliary solvent such as ethyl acetate or cydohexanone. and mechank:ally fonned Into 
an emulsified dispersion before use. Furthemrtore. the compounds represented by the formulas (VII) to (IX) each may 
be used after dispersing the powder of the compounds in an appropriate solvent such as water by a method known as 
the solid dispersion method, using a ball mill, a colloid milt or an uttrasonk: wave. 

[0165] The compounds represented by the fomnulas (VII) to (IX) each maybe added to a layer in the image-forming 
55 layer side on the support namely, an image-forming layer, or any other layers on that side. However, the compounds 
are preferably added to an image-fonmlng layer or a layer adjacent thereto. 

[0166] The compounds represented by the fomnulas (VII) to (IX) may be used individually or in combination of two 
or more kinds of them. In addition to these conrrpounds, any of the compounds mentioned in U.S. Patent Nos. 
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5,545.515, 5,635,339 and 5,654,130, International Patent PubUcation W097/34196, U.S. Patent No. 5,686,228, JP-A- 
11-119372 or Japanese Patent Application Nos. 9-228881, 9-273935, 9-354107, 9^09813, 9-296174, 9-282564, JP- 
A-1 1 -95365, JP-A-1 1 -95366 and Japanese Patent Application No. 9-332388 may also be used in combination. 
[0167] Furthemiore, in the present invention, hydrazine derivatives disclosed In JP-A-1 0-339932 and JP-A-10- 

5 161270 may be used in comblnatfon. Further, the following hydra^ne derivatives may also be used in such combina- 
tion: the compounds represented by (Chem. 1) of JP-B-6-77138, specifically, compounds described at pages 3 and 4 
of the publication; the compounds represented by the fomnula (I) of JP-B-6-93082, specifically, Compounds 1-38 
described at pages 8 to 18 of the publication; the compounds represented by the fonmulas (4), (5) and (6) of JP-A-6- 
230497, specifically. Compounds 4-1 to 4-1 0 described at pages 25 and 26. Compounds 5-1 to 5-42 described at pages 

w 28 to 36 and Compounds 6-1 to 6-7 described at pages 39 and 40 of the publication; the compounds represented by 
the fomnulas (1 ) and (2) of JP-A-6-289520, specifically, Compounds 1 -1 ) to 1 -1 7) and 2-1 ) described at pages 5 to 7 of 
the publication; the compounds represented by (Chem. 2) and (Chem. 3) of JP-A-6-313936, specifically, compounds 
described at pages 6 to 1 9 of the publication; the compound represented by (Chem. 1 ) of JP-A-6-31 3951 , specifically, 
the compounds described at pages 3 to 5 of the publication; the compound represented by the fomiula (i) of JP-A-7- 

15 561 0. specifically; Compounds 1-1 to i-38 described at pages 5 to 1 0 of the publication; the compounds represented by 
the formula (II) of JP-A-7-77783, specifically, Compounds 11-1 to 11-102 described at pages 10 to 27 of the publication; 
the compounds represented by the fomnulas (H) and (Ha) of JP-A-7- 104426, specifically. Compounds H-1 to H-44 
described at pages 8 to 15 of the publication; the compounds characterized by having In the vicinity of the hydrazine 
group an anionic group or a nonionic group capable of fonning an intramolecular hydrogen bond with a hydrogen atom 

20 of hydrazine, described in European Patent Publication EP71 31 31 A1 . particulariy, the compounds represented by the 
fomiulas (A) to (F), specifically. Compounds N-1 to N-30 described In the publication; the compound represented by the 
fomfiula (1) described In European Patent Publication E P71 31 3 1A1. specifically, Compounds D-1 to D-55 described in 
the publication; various hydrazine derivatives described at pages 25 to 34 of Kochi Gijutsu (Known Techniques), pages 
1 to 207. Aztech (Issued on March 22, 1991); and Compounds D-2 and D-39 described in JP-A-62-86354 (pages 6 and 

25 7). 

[0168] The addition amount of these hydrazine derivatives is preferably from 1 x 10"^ to 1 nrwie. more preferably 
from 1 X 10"^ to 5 X 10"^ mole, most preferably from 2 x 10"® to 2 x 10*^ mole, per mol of silver. 
[0169] These hydrazine derivatives may be used by dispersing them In the same manner as mentioned for the 
aforementioned compounds represented by the fonmulas (VII) to (IX). 
30 [0170] The hydrazine derivatives may be added to any l^ens on the image-forming layer side on the support. I.e., 
the Image-fonning layer or other layers on that layer side. However, they are preferably added to an Image-forming layer 
or a layer adjacent thereto. 

[0171] Moreover, the acrylonitrile compounds disclosed in U.S. Patent No. 5,545,515. more specifically the com- 
pounds CN-1 to CN-13 disclosed therein and so forth may also be used as the ultrahigh contrast agent. 

35 [0172] In the present invention, a contrast accelerator may be used in combination with the above-described ultra- 
high contrast agent so as to fomi an ultrahigh contrast inriage. Examples thereof include amine compounds described 
In U.S. Patent No. 5,645.505, specifically. AM-1 to AM-5; hydroxamlc adds described In U.S. Patent No. 5,545,507. spe- 
cifically, HA-1 to HA-11: hydrazine compounds described In U.S. Patent No. 5,558,983, specifically, CA-1 to CA-6; and 
onlum salts described in JP-A-9-297368, specifically, A-1 to A-42, B-1 to B-27 and C-1 to C-14. 

40 [0173] Synthesis methods, addition methods, addition amounts and so forth of the aforementioned ultrahigh con- 
trast agents and the contrast acceleratore may be according to those described in the patent publications cited above. 
(0174] When fomiic add or a fomnic add salt Is used as a strongly fogging substance, ft is preferably used on the 
side having the Image-fonning layer containing a photosensitive silver hatide in an amount of 5 mmol or less, more pref- 
erably 1 mmol or less, per 1 mole of silver. 

45 [0175] When a nucleating agent is used in the present invention, an acid fonned by hydration of dlphosphorus pen- 
toxide or a sale thereof is preferably used together with the nudeating agent Examples of the acid fonned by hydration 
of dlphosphorus pentoxide or a salt thereof Indude metaphosphoric add (salt), pyrophosphoric add (salt), orthophos- 
phoric acid (salt), triphosphoric add (salt), tetraphosphoric add (salt), haxametaphosphorio add (salt) and so forth. Par- 
ticutariy preferably used adds fomrted by hydration of dlphosphorus pentoxide or salts thereof are orthophosphoric acid 

50 (salt) and hexametaphosphoric acid (salt). Specific examples of the salt are sodium orthophosphate, sodium dihydrog- 
enorthophosphate, sodium hexametaphosphate, ammonium hexametaphosphate and so forth. 
[0176] The acid fonned by hydration of dlphosphorus pentoxide or a salt thereof mey be used In a desired amount 
(coating anrK>unt per 1 m^ of the photosensitive materiaQ depending on the desired performance Including sensitivrty 
and fog. Hovyever, it can be used In an amount of preferably 0.1-500 mg/m^, more preferably 0.5-100 mg/m^. 

55 [0177] The photothennographlc material of the present Invention may be provided with a surface protective layer, 
for example, to prevent adhesion of the image-forming layer. The surtiace protective layer is described In. for example, 
JP-A-l 1 -65021 , paragraphs Oil 9 to 0120. 

[0178] Gelatin is prefoned as the binder in the surface protective layer, and pdyvinyl alcohol (PVA) is also prefera- 
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biy used. Examples of PVA includes, for example, completely saponified PVA-105 [having a polyvinyl alcohol (PVA) 
content of at least 94.0% by weight Q degree of saponification of 98.5±0.5 mole %, a sodium acetate content of 1 .5% 
by weight or less, a volatile content of 5.0% by weight or less, a viscosity (4% by weight at 20*C) of 5.6±0.4 mPa -s]; 
partially saponified PVA-205 [having a PVA content of 94.0% by weight, a degree of saponification of 88.C±1 .5 mole %. 
5 a sodium acetate content of 1 .0% by weight, a volatile content of 5.0% by weight, a viscosity (4% by weight at ZO^'C) of 
5.0±0.4 mPa*8 ]; denatured polyvinyl alcohols, MP-102, MP-202. MP-203, R«1130, R2105 (all from Kraray Co., Ltd.) 
and so forth. The application amount of the polyvinyl alcohol (per m^ of the support) for protective layers is preferably 
0.3 to 4.0 g/m^, more preferably 0.3 to 2.0 g^m^ (per one layer). 

[0179] When the photothemiographic material of the present invention is used for printing use is v^lch dimensional 
10 change is critical, in particular, polymer latex is preferably used also In a protective layer or a back layer. Such latex Is 
described in 'Gosei Jushi Emulsion (Synthetic Resin Emulsion)", compiled by Talra Okuda and Hiroshi Inagaki, Issued 
by Kobunshi Kanko Kai (1979); "Gosei Latex no Oyo (Application of Synthetic Latex)", compiled by Takaaki Sugimura, 
Yasuo Kataoka, SouichI Suzuki and Keishi Kasahara, Issued by Kobunshi Kanko Kai (1993); Soichi Muroi, "Gosei l^tex 
no Kagaku (Chemistry of Synthetic Latex)*, Kobunshi Kanko Kai (1970) and so forth. Specific example thereof Include 
IS latex of methyl methacrylate (33.5 weight %)/ethyl acrylate (50 weight %)/hiethacrylIc acid (1 6.5 weight %) copolymer, 
latex of methyl methacrylate (47.5 weight %)/butadlene (47.5 weight %)/itaconic acid (5 weight %) copolymer, latex of 
ethyl acrylate/methacrylic acid copolymer, latex of methyl methacrylate (58.9 weight %)/2-ethylhexyl acrylate (25.4 
weight %)/ethylene (8.6 weight %)/2-hydroxyethyl methacrylate (5.1 weight %)/acrylic acid (2.0 weight %) copolymer 
and so forth. As for the binder of the protecth^e layer, there may be used the combination of polymer latex disclosed In 
20 Japanese P&tent Application No. 11-6872, and techniques disclosed in Japanese Patent Application No. 1 1 -143058, 
paragraphs 0021 -0025, Japanese Patent Application No. 1 1-6872, paragraphs 0027-0028, and Japanese Patent Appli- 
cation No. 11-199626, paragraphs 0023-0041. 

[0180] The temperature for preparation of the coating solution for the image-forming layer may preferably be 30X^ 
no 65''C, more preferably 35^C to BO^C, most preferably 35''C to 55''C. The temperature of the coating solution imme* 
25 diately after the addition of the polymer latex may preferably be kept at 30^0 to 65''C. A reducing agent and a silver salt 
of an organic acid may preferably be mixed before the addition of polymer latex. 

[0181] The coating solution for the image-forming layer is preferably a so-called thixotroplc flow. Thlxotropy means 
that viscosity of a fluid lowers with increase of shear rate. Any apparatus may be used for measurement of viscosity, 
and for example, RFS Fluid Spectrometer from Rheometrics l^r East Co., Ltd. is preferably used and the measurement 
30 Is performed at 25^C. Viscosity of the coating solution lor the Image-fonmlng layer is preferably 400 mPa • s to 1 00,000 
mPa • s, more preferably 500 mPa ^a to 20,000 mPa • s, at a shear rate of 0. 1 sec The viscosity Is preferably 1 mPa • s 
to 200 mPa • s, more preferably 5 mPa • s to 80 mPa • s, at a shear rate of 1 000 sec"^ . 

[0182] Various systems exhibiting thixotroplc property are known and, for example, described in "Lecture on Rhe- 
otogy", Kobunshi Kanko Kai; Mural & Morino, "Polymer Latex", Kobunshi Knako Kai and so forth. A fluid is required to 
35 contain a large amount of fine solid microparticles to exhibit thixotroplc property. For enhancing thixotroplc property, it 
is effective that the fluids is added with a viscosity-increasing linear polymer, or fine solid microparticles to be contained 
have anisotropic shapes and an Increased aspect ratio. Use of an alkaline viscosity-increasing agent or a surfactant is 
also effective for that purpose. 

[0183] The photothermographic emulsion is provided as one or more layera on the support. When It is provided as 

40 a monolayer, the layer must contain a stiver salt of an organk; acid, sliver halide, developing agent, binder and desired 
additional materials such as toning agent, coating aid and other auxiliary agents. When the layer is bilayer, the first 
emulsion layer (In general, the layer acQacent to the support) nmist contain a silver salt of an organto acid and silver hal- 
ide, and the second emulsion layer or said two layers may contain the other ingredients. Another type of bilayer struc- 
ture is also employable in whk:h one layer is a single emulsion layer containing all necessary ingredients and the other 

45 layer Is a protective top coat layer. Multicolor photothermographic material may contain these two layera for each color, 
or may contain all necessary ingredients in a single layer as described in U.S. Patent No. 4.70d»928. As for multicolor 
photothermographto materials containing multiple dyes, each emulsion layera are kept indhddually by using a functional 
or non-functional bam'er layer t)etween the adjacent photosensitive layera as described In U.S. Patent No. 4,460,681. 
[0184] In the image-forming layer, various types of dyes and pigments may be used to Improve color tone, to pre- 

50 vent interference fringes generated during laser exposure, and to prevent imadiation. These techniques are detailed in 
International Patent Publication W098/36322. Prefemed dyes and pigments for the photothermographic material of the 
present inventton include, for example, anthraqulnone dyes, azomethine dyes, Indoaniline dyes, azo dyes, indanthrone 
pigments of anthraquinone type (e.g., C.I. Pigment Blue 60 and so forth), phthalocyanine pigments (e.g., copper 
phthalocyanlnes such as C.l. Pigment Blue 1 5; metal-free phthalocyanines such as C.I. Pigment Blue 1 6), triarylcartjo- 

55 nyl pigments of printing lake pigment type, Indigo, inorganic pigments (e.g., ultramarine, cobalt blue and so forth). Any 
methods are employed to add these dyes and pigments such as addition as a solution, an emulsion, or a disperelon of 
fine solid microparticles, or addition of a polynner mordant mordanted with these. The amount of these compounds to 
be used may vary depending on intended at>sori3ance. In general, the compounds may preferably be used in an amount 
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of 1 ^ig to 1 g per of the phototheimographlc material. 

[0185] In the photothemnographlc material of the Invention, an antlhalatlon layer may be provided in a distant posi- 
tion from a iight source relative to the photosensitive layer The antlhalation layer is described in JP-A-1 1 -65021 , para- 
graphs 0123 to 0124 and JP-A-1 1-223898. 

5 [0186] In the photothermographic material of the present invention, a decoloring dye and a base precursor are pref- 
erably added to a non-photosensitive layer of the photothermographic material so that the non-photosensitive layer can 
function as a fitter layer or an antihalation layer. Photothermographic materials generally have non-photosensltlve layers 
In addition to the photosensitive layers. Depending on their positions, the non-photosensitive layers are classified Into 
(1) a protective layer to be provided on a photosensith/e layer (the opposite side of the support); (2) an intermediate 

10 layer to be provided between two or more of photosensitive layers or between a photosensitive layer and a protective 
layer; (3) an undercoat layer to be provided between a photosensitive layer and a support; (4) a bad^ing layer to be pro- 
vided on a side opposite to the photosensitive layer. The filter layer is provided in the photosensitive material as the 
layer (1 ) or (2). The antihalation layer is provided In the photosensitive material as the layer (3) or (4). 
[0187] The decoloring dye and the base precursor are preferably added to the same non-photosensitive layer. They 

IS may be also added separately to adjacent two non-photosensitive layers. If desired, a banier layer may be provided 
between the two non-photosensitive layers. 

[0188] As methods to add a decoloring dye to a non-photosensitive layer, a method may be employed which com- 
prises step of adding a solution, an emulsion^ a solid microparticies dispersion of the dye, or the dye Impregnated in a 
polymer to a coating solution for the non-photosensitive layer. The dye may also be added to the non-photosensitive 

20 layer by using a polymer mordant. These methods for addition are the sanne as those generally employed for the addi- 
tion of dyes to ordinary photothennographic materials. Polymer latexes used for preparation of the dye impregnated In 
a polymer are described In U.S. Patent No. 4,199,363, German Patent Laid-open Nos. 25.141.274, 2.541 »230. Euro- 
pean Patent Publication EP029104 and JP-B-53-41091. A method for emulsification by adding a dye to a solution In 
which a polymer is dissolved Is described in International Patent Publication WOB8/00723. 

25 [0189] The amount of the decoloring dye may be determined depending on purpose of the use of the dye. In gen- 
eral, the dye is used in an amount to give an optical density (absori^ance) of larger than 1.0 measured at an Intended 
wavelength. The optical density Is preferably 0.2 to 2. The amount of the dye to give such optical density may be gen- 
erally from about 0.001 to about 1 gfm^, particularly preferably from about 0.01 to about 0.2 gAn^. 
[0190] Decoloring of dyes in that manner can lower optical density of the material to 0.1 or less. Two or more differ- 

30 ent decoloring dyes may be used in the ttiemnodecoloring type recording materials or photothermographic materials. 
Simllariy, two or more different base precursors may be used In combination. 

[0191] The photothermographic material of the present invention is preferably a so-called single-sided photosensi- 
tive material comprising at least one photosensitive layer containing a sih^er halide emulsion on one side of support, and 
a backing layer on the otiier side. 
3S [0192] The photothermographic material of the present invention may preferably contain a matting agent for 
Improving the transferability of the material. Matting agents are described In JP-A-1 1-65021 , paragraphs 0126 to 0127. 
The matting agent is added in an amount of preferably 1 to 400 mg/m^, more preferably 5 to 300 mg/m^, as the amount 
per 1 m^ of the photosensitive material. 

[0193] The matting degree of tiie surface of the emulsion layer is not particuiariy limited so long as the material is 
40 free from Stardust defects, Beck's smoothness of the matted surftee is preferably 30 seconds to 2000 seconds, more 
preferably 40 seconds to 1500 seconds. 

[0194] The matting degree of the backing layer in the present Invention Is preferably falls 1 0 seconds to 1200 sec- 
onds, more preferably 20 seconds to 800 seconds, most preferably 40 seconds to 500 seconds as shown by the Beck's 

smoothness. 

45 [0195] In the present invention, the matting agent may preferably be contained in the outermost surface layer, or in 
a layer functioning as an outemnost surface layer, or in a layer near to tiie outer surface of the photothermographk: mate- 
rial. The agent may also be preferably contained in a layer functioning as a protective layer. 
[0198] The back layers that are applicable to the photothermographk: material of the present invention are 
described in JP-A-1 1-65021, paragraphs 0128 to 0130. 

so [0197] A hardening agent may be added to the photosensitive layer, the protective layer, the back layer, and other 
layers. Examples of the hardening agent are described in T.H. James, THE THEORY OF THE PHOTOGRAPHIC 
PROCESS, FOURTH EDITION". Macmlllan Publishing Co., Inc., 1977, pp. 77-87. Polyvalent metal ions described on 
page 78 of tiie above article, polylsocyanates described in U.S. Patent No. 4,281 ,060 and JP-A-6-2081 93; epoxy com- 
pounds descrit>ed in U.S. Patent No. 4,791 ,042; vinylsulfbne compounds described in JP-A-62-89048 and sofortii may 

55 preferably be used. 

[0198] The hardening agent is added to coating solutions as a solution. Preferred addition time of the solution to 
the coating solution of the protective layer resides in a period of from 180 minutes before the coating to just before the 
coating, preferably 60 minutes to 10 seconds before the coating. The mettiod and conditions for mixing are not partic- 
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ulariy limited so long as the effect of the present invention can be obtained satisfactorily. Specific examples of the mixing 
method include a method in which a mixing is perfomied in a tank designed so as to obtain a desired average residence 
time which is calculated from addition flow rate and feeding amount to a coater, a method utilizing a static mixer 
described in N. Hamby, M.F. Edwards, A.W. Nienow, 'Ekitai Kongo Gijutsu (Techniques for Mixing Liquids)', translated 

5 by Kojl Takahashi, Chapter 8, Nikkan Kogyo Shinbunsha, 1 989 and so forth. 

[0199] Surfactants that can be used in the present invention are described In JP-A-1 1 -65021 , paragraph 0132; usa- 
ble solvents are described in the above patent document in paragraph 0133; usable supports are described in the 
above patent document in paragraph 0134; usable antistatic and electroconductlve layers are described in the above 
patent document in paragraph 0135; and usable methods for forming color images are described in the above patent 

10 document in paragraph 01 36. 

[0200] The photothemriographic material of the present Invention preferably has a film surface pH of 6.0 or less, 
more preferably 5.5 or less before heat development. While the lower limit Is not particuiariy limited, it is nomnally 
around 3. For controlling the film surface pH, an organk: acid such as phthalic acid derivatives or a nonvolatile acid such 
as sulfuric acid, and a volatile base such as ammonia are preferably used to lower the film surface pH. tn particular, 

IS ammonia Is preferred to achieve a low film surface pH. because it is highly volatile and therefore it can be removed 
befbre coating or heat development A method for measuring the film surface pH Is described in Japanese Patent Appli- 
cation No. 1 1-87297. paragraph 0123. 

[0201 ] As the transparent support of the photothermographlc material of the present invention, preferably used is a 
polyester film. In particular, a polyethylene terephthalate film, subjected to a heat treatment In a temperature range of 
20 1 30-1 85"^ in order to relax the intemal distortion fbnned In the film during the biaxial stretching so that themnal shrink- 
age distortion occuning during the heat development is eliminated, in the case of a photothermographb material for 
medical use, the transparent support may be colored with a blue dye (for example, Dye-1 mentioned in the example of 
JP-A-8-240877), or may not be colored. 

[0202] It is preferred that technkjues for undencoating utilizing water-soluble polyester mentioned in JP-A-II- 

25 84674, styreneAxjtadiene copolymer mentioned In JP-A-1 0-1 86565, vlnylldene chloride copolymer mentioned In Japa- 
nese Patent Application No. 1 1-106881 , paragraphs 0063-0080 and so forth are used for the support As for an anti- 
stHtto layer and undercoating, there can be used techniques disclosed in JP-A-56-143430, JP-A-56- 1 43431. JP-A-53- 
62646. JP-A-56-120619. JP-A-1 1-84573, paragraphs 0040-0051, U.S. Patent Na 5,575,973. JP-A-1 1 -223898. para- 
graphs 0078-0084 and so forth. 

30 [0203] The photothermographlc material Is preferably a monosheet type material (the monoeheet uses no addi- 
tional sheet as required by image receiving materials, end can fbmi Images directly on the material Itself). 
[0204] The photothennographfc material may further contain an antioxidant, a stabilizer, a plasticizer, a ultraviolet 
absorber or a coating aid. Such additives may be added to any of photosensitive layers or non-photosensitive layers. 
For these additives, Intemational Patent Publication W098/36322, European Patent Publteatlon EP803764A1, JP-A- 

35 1 0-1 86567, JP-A-1 0-1 8568 and so forth may be refen-ed to. 

[0205] The coating method for the preparation of the photothermographic material of the present invention is not 
particuiariy limited, and any coating methods may be employed. Specific examples thereof Include various typee of 
coadng techniques, for example, extrusion coating, slide coating, curtain coating, dip coating, knife coating, flow coat- 
ing, extrusion coating utilizing a hopper of the type described in U.S. Patent No. 2,681 ,294 and so forth. Prefen^d exam- 

40 pies Include extrusion coating and slide coating described in Stephen R Kistier, Petert M. Schweizer, "LIQUID FILM 
COATING", published by CHAPMAN & HALL Co., Ltd., 1997, pp.399-536, and a most preferable ttcample Includes the 
slide coating. An example of the shape of a slkto coater used for the slide coating Is shown in Rgure 1 1 b, 1 , on page 
427 of the aforementioned reference. If desired, two or more layers may be formed at the same time, for example, 
according to the methods described from page 399 to, page 536 of the aforementioned reference, or the methods 

45 described In U.S. Patent No. 2,761 ,791 and British Patent No. 837,095. 

[0206] Photothemriographic materials may be cut into sheets of a predetemriined size (half size. B4, A4, DK etc.), 
packaged with an inner packaging material and an outer packaging material as stacked multiple sheets, and shipped. 
In this case, the inner packaging material Is preferably made of cardboard, polypropylene sheet, polyethylene sheet, 
laminated materials tiiereof etc, in order to keep the stacked state of the multiple photothemnographic material sheets 

so (e.g., 50-200 sheets) and prevent scratches and fold of the material. The material packaged with the inner packaging 
material is further packaged over the outer surface witii the outer packaging material, which is laminated with, for exam- 
ple, Al, and has light shielding property and high gas banler property. The state of the material thus packaged Is shown 
In Figs. 2 and 3. Rg. 3 shows a plurality of stacked photothemnographic material sheets In a predetermined size pack- 
aged with an Inner packaging material 20. Further, Rg. 2 shows the sheets further packaged with an outer packaging 

55 material 3. As shown In Rg. 4. the photothermographlc material 1 generally has a structure comprising a support 10, 
an image-forming layer 1 1 and a surface protective layer 12 stacked In this order on one suriiace of the support and a 
back layer 13 provided on the other skle of the support 

[0207] For the photothermographk: material of the present Invention, air space ratio within the outer packaging 
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materiai is preferably 0.03-25%, more preferably 0.03-15%. The air space ratio within the outer packaging material is 
calculated by dividing air space volume in the outer packaging material with volume of the content in the outer packag- 
ing material and multiplying the quotient by 1 00. The air space volume is obtained by subtracting the volume formed by 
the photothemiographic material and the volume of the inner packaging material from the inner volume of the outer 
5 packaging material. 

[0208] Further, for the photothemnographlc material of the present invention, humidity in the outer packaging mate- 
rial is preferably 30-70%, more preferably 30-50%. If the photothermographic material Is packaged so that the humidity 
in package is within the aforementioned range and shipped, performance change of the photothermographic material 
with time, in particular, density change around formed images, can further be suppressed, and thus stable performance 
10 can be obtained. 

[0209] Other techniques that can be used for the production of the photothemiographic material of the present 
Invention are also described in European Patent Publteations EP803764A1, EP883022A1, International Patent Publi- 
cation W09a/36322. JP-A-56-62648, JP-A-58-62744, JP-A-9-281637, JP-A-9-297367. JP-A-9-304869, JP-A-9- 
31 1405. JP-A-9-329865, JP-A-1 0-1 0669, J P-A-1 0-62899. J P-A- 10-69023, JP-A-1 0-1 86568, JP-A-10-90823 , JP-A-10- 

15 1 71063. JP-A-10-186565, J P-A-1 0-1 86567. JP-A-1 0-1 86569. JP-A-1 0-1 86570. JP-A-1 0-1 86571. JP-A-1 0-1 86572. 
JP-A-1 0-1 97974, JP-A-1 0-1 97982, JP-A-1 0-1 97983, JP-A-1 0-1 97985, J P-A-1 0-1 97986, JP-A-1 0-1 97987, JP-A-10- 
207001, JP-A-1 0-207004, JP-A-1 0-221 807. JP-A-1 0-282601, JP-A-1 0-288823, JP-A-1 0-288824, JP-A-1 0-307365. 
JP-A-1 0^1 2038, JP-A-1 0-339934. JP-A-1 1-7100, JP-A-1 1-1 51 05, JP-A-1 1-24200, JP-A-1 1-24201 , JP-A-1 1-30832. 
JP-A-1 1-84674. JP-A-1 1-65021, JP-A-1 1-125880, JP-A-1 1-1 29629, JP-A-1 1-1 33536, JP-A-1 M 33537. JP-A-1 1- 

20 133538, JP-A-1 1-133539. JP-A-1 1-133542 and JP-A-1 1-133543. 

[0210] The photothermographk: material of the present invention may be developed in any manner. Usually, an 
Imagewise exposed photothenDographte material is developed by heating. The temperature for the development is 
preferably 80''C to 250''C, more preferably 1 00**C to 1 40*C. TTie development time is preferably 1 to 1 80 seconds, more 
preferably 10 to 90 seconds, most preferably 10 to 40 seconds. 

25 [021 1 ] For thermal development for the material, a plate heater system is pref enned. For heat development by the 
plate heater system, the method described In JP-A-1 1-1 33572 is preferred, whteh uses a heat devetopment apparatus 
wherein a photothermographic material on which a latent image Is formed is brought Into contact with a heating means 
in a heat development section to obtain a visible image, and wherein the heating means comprises a plate heater, and 
a plurality of pressor rollers are disposed fadng to one suriace of the plate heater, and wherein heat development of the 

30 photothermographk: material is attained by passing the materiai between the pressor rollers and the plate heater. The 
plate heater is prefierably secttoned Into 2 to 6 stages, and the temperature of the top stage is preferably kept lower by 
approximately 1 to 10^ than that of the others stages. Such a method is also described in JP-A-54-30032. The plate 
heater system can remove moisture and organte solvent contained in the photothemiographic material out of the mate- 
rial, and prevent change in shape of the support of the photothermographic material by rapid heating of the material. 

35 [0212] The photothermographk: material of the present invention can be exposed by any means. As light source of 
exposure, laser rays are prefen-ed. As the laser used in the present invention, gas lasers (Ar^ He-Ne). YAG lasers, dye 
lasers, 8emkx>nductor lasers and so tbrth are prel^nned. A connblnation of semiconductor laser and second hamnonlc 
generating device mc^ also be used. Prefenred examples include gas and semiconductor lasers for red to Infrared emis- 
sion. 

40 [021 3] Single mode lasers can be used as the laser rays, and the technique disclosed in JP-A-1 1 -65021 . paragraph 
0140, can be used. 

VKttA] The laser output Is preferably at least 1 mW. more preferably at least 1 0 mW. Even more pref^nred Is high 
output of at least 40 mW. If desired, a plurality of lasers may be combined. The diameter of a laser beam nnay be 
between about 30 and 200 ^m based on the level of 1/e^ spot size of a Gaussian beam. 
45 [0215] An example of a laser innager provided wrth a light exposure section and a heat development section is Fuji 
Medical Dry Laser Imager FM-DP L FM-DP L Is described in Fuji Medical Review. No. 8. pages 39-65, and the tech- 
niques descrft>ed therein can of course be used for teser imagers for the photothermographic material 6f the present 
invention. 

[021 6] The photothemrtographic material of the invention fbmis a monochromatic Image based on silver image, and 
so is preferably used as photothermographic materials for use in medical diagnosis, industrial photography, printing and 
COM. It should be understood that, in such applications, the monochromatk; images fonrned can be duplicated on dupli- 
cating films, Ml-Dup. from Fuji Photo Rim for medical diagnosis; and for printing, the Images can be used as a mask for 
fonming reverse images on printing films such as DO-175 and PDO-100 from Fuji Photo Rim, or on offset printing 
plates. Further, It can be used as a photothenriographic material for laser imagers in "AD networtc". which is proposed 
55 by Fuji Medical System as a networt( system that confomis to the DICOM standard. 
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[0217] The present invention will be spedficaily explained with reference to the following examples. The materials, 
regents, ratios, procedures and so forth shown in the following examples can be optionally changed so long as such 
5 change does not depart from the spirit of the present invention. Therefore, the scope of the present invention Is not lim- 
ited to the following examples. 



(Example 1) 



10 [0218] Structures of the compounds used in Example 1 are shown below. 
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^Preparation of PET support)) 

45 [0219] Using terephthalic acid and ethylene glycol, PET having an intrinsic viscosity IV of 0.66 (measured in phe- 
nol/tetrachloroethane = 6/4 (weight ratio) at as^'C) was ol^tained in a conventional manner. The PET was pelletized, and 
the pellets were dried at 130^ fbr 4 hours, melted at 300»C, extruded from a T-die, and quenched to prepare an 
unstretched film having such a thickness that the film thickness after thenmal fixation should t)ecome 1 75 jun. 
[0220] The film was stretched along the longitudinal direction tjy 3.3 times using rollers having different peripheral 

50 speeds and then stretched along the transverse direction by 4.5 times using a tenter. In this case, the temperatures 
were 1 1 0^'C and 1 30''C, respectively. Thereafter, the film was subjected to thermal fixation at 240*'C fbr 20 seconds and 
relaxed by 4% along the transverse direction at the same temperature. Then, after chucks of the tenter were released, 
the both edges of the film were knuried, and the film was rolled up at 4 kg/cm^ to provide a roll of the film having a thck- 
nessof 175 ^m. 

55 

({Surfiace corona discharging treatment)) 

[0221] Using a solid state corona discharging treatment machine Model 6ICVA manufactured by Piller Inc., both sur- 
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faces of the support were treated at room temperature at 20 m/minute. In this case, from the read out values of the elec- 
tric current and voltage, it was sees that the treatment of 0.375 KV-A-minute/ln^ was applied to the support The treated 
frequency in this case was 9.6 kHz and the gap clearance l^etween the electrode and the dielectric roll was 1 .6 mm. 

5 ({Preparation of undercoated support}) 

(1) Preparation of coating solutions for undercoat layers 

[0222] 





Fomiulation 1 (f6r undercoat layer on Image-forming layer side) 


15 


Pesresin A-615GB made by Takamatsu YushI K.K. (30 weight % solution) 


234g 




Polyethylene glycol monononylphenyl ether (mean ethylene oxide number = 8.5. 1 0 weight % solu- 
tion) 


21 .5 g 




MP-1 000 made by Soken Kagaku K.IC (polymer micropartlcles, mean particle size: 0.4 jim) 


0.91 g 


20 


Distilled water 


744 ml 



25 



Fomnulation 2 (for 1st layer on back surface) 


Butadiene-styrene copolymer latex (solid content: 40% by weight weight ratio of butadiene/styrene 
r= 32/68) 


158g 


2,4-Dtohk>ro-6-hydro}(y-S-triazlne sodium salt (8 weight % aqueous solution) 


20 g 


1 weight % Aqueous solution of sodium laurylbenzenesulfbnate 


10 ml 


Distilled water 


854 ml 



Fonr^ulation 3 (for 2nd layer on back surlace side) 


Sn02/SbO (weight ratio: 9/1 , mean particle size: 0.038 |im, 17 weight % dispersion) 


84g 


Gelatin (10% aqueous solution) 


89.2 g 


Metorose TG-5 made by Shin-Etsu Chemical Co., Ltd. (2% aqueous solution) 


8.6 g 


MP-1 000 (polymer micropartk:les) made by Soken Kagaku K.K. 


0.01 g 


1 weight % Aqueous solution of sodium dodecylbenzenesulfonate 


10 ml 


NaOH (1%) 


6 ml 


Proxel (made by ICl Co.) 


1 ml 


Distilled water 


805 ml 



55 

{{Preparation of undercoated support)) 

[0223] After applying the aforementioned corona discharging treatment to both surfaces of the aforementioned 
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blaxlally stretched polyethylene terephthalate support having a thickness of 175 ^m, one surface (photosensitive layer 
side) thereof was coated with the undercoating solution of FonnulatJon 1 by a wine bar In a wet coating amount of 6.6 
m!/m^ (per one surface) and dried at 180*^0 for 5 minutes. Then, the back surface thereof was coated with the under- 
coating solution of Formulation 2 by a wire bar in a wet coating amount of 5.7 ml/m^ and dried at 1 80''C for 5 minutes. 
5 Further, the back surface thus coated was coated with the undercoating solution of Fbrmulatlon 3 by a wire bar In a wet 
coating amount of 7.7 mVnfi and dried at 1 80''C for 6 minutes to prepare an undercoated support 

{(PreparBtion of coating solution for back surfece}) 

10 (1 ) Pneparation of Solid mteroparttole dispersion (a) of base precursor 

[0224] 64 g of Base precursor compound 11, 28 g of diphenylsulfone and 10 g of a surface active agent, Demor N 
(manufactured by Kao Corporation), were mixed with 220 ml of distilled water, and the mixture was beads-dispersed 
using a sand mill (1/4 Gallon Sand Grinder Mill, manul^ictured by imex Co.) to obtain Solid microparttole dispersion (a) 
IS of the base precursor compound having a mean particle size of 0,2 )im. 

(2) Preparation of dye solid microparttele dispersion 

[0225] 9.6 g of Cyenine dye compound 1 3 and 5.8 g of sodium p-dodecylbenzenesulfonate were mixed with 305 ml 
20 of distilled water and the mixture was beads-dispersed using a sand mill (1/4 Gallon Sand Grinder Mill, manufectured 
by Imex Co.) to obtain a dye solid micropartlcle dispersion having a mean particle size of 0.2 ^m. 

(3) Preparation of coating solution for antihalatlon layer 

25 [0226] 1 7 g of gelatin, 9.6 g of polyacrylamide, 70 g of the aforementioned Solkl micropartlcle dispersion (a) of the 
base precursor, 56 g of the aforementioned dye solid micropartlcle dispersion, 1.5 g of polymethyl methacrylate mlcro- 
partides (mean partk:le size 6.5 ^), 0.03 g of benzoisothlazolinone, 2.2 g of sodium polyethylenesulfonate, 0.2 g of 
Blue dye compound 1 4 and 844 ml of water were mixed to prepare a coating solution for antihalatlon layer. 

30 ((Preparation of coating solutfon for back surf^ protective layer)^ 

[0227] In a container kept at 40"C. 50 g of gelatin, 0.2 g of sodium poly^yrenesulfonate, 2.4 g of N,N-ethyl- 
enebls(vlnylsulfonacetamide), 1 g of sodium t-octy!phenoxyethoxyethanesulfonate, 30 mg of benzoisothlazolinone, 37 
mg of N-perfluorooctylsulfonyl-N-propylalanine potassium salt, 0.15 g of polyethylene glycol mono(N-perfluorooctytsul- 
35 fonyl-N-propyl-2-amlnoethyl) ether [average polymerization degree of eth^ene oxide: 15], 32 mg of G8F17SO3K, 64 mg 
of CeFi7S02N(C3H7)(GH2CH20)4(CH2)4-S03Na, 8.8 g of art acryik: acid/ethyl acrylate copolymer (copolymerization 
ratio (by weight): 5/95). 0.6 g of Aerosol OT (manufactured by American Cyanamid Company), 1 .8 g (as liquid paraffin) 
of a liquid paraffin emulsion and 950 ml of water were mixed to form a coating solution for a back suriiace protective 
layer. 

40 

([Preparation of Silver halide emulsion 1^ 

[0228] 1421 ml of distilled water was added with 8.0 ml of a 1 weight % potassium bromide solution, and further 
added with 8.2 ml of 1 mol/L nitric acid and 20 g of phthallzed gelatin. Separately, Solution A was prepared by adding 

4S distilled water to 37.04 g of silver nitrate to dilute it to 1 59 ml, and Solution B was prepared by diluting 32.6 g of potas- 
sium bromide with distilled water to a volume of 200 ml. To the aforementioned mixture maintained at 37^C and stirred 
In a titanium-coated stainless steel reaction vessel, the whole volume of Solution A was added by the control double Jet 
method over 1 minute at a constant flow rate while pAg was maintained at 8.1 . Solutton B was also added by the control 
double Jet method. Then, the mixture was added with 30 ml of 3.5 weight % aqueous hydrogen peroxide solution, and 

50 further added with 36 ml of a 3 weight % aqueous solution of benzimidazole. Separately, Solution A2 was prepared by 
diluting Solution A with distilled water to a volume of 31 7.5 ml. and Solution B2 was prepared by dissolving trtpotasslum 
hexachlorolridate in Solution B in such an amount that Its final concentration should become 1x10"^ mole per mole of 
silver, and diluting the obtained solution with distilled water to a volume twice as much as the volume of Solution 6, 400 
ml. The whole volume of Solution A2 was added to the mixture again by the control double jet method over 1 0 minutes 

55 at a constant flow rate while pAg was maintained at 8.1 . Solution 82 was also added by the control double Jet method. 
Then, the mixture was added with 50 ml of a 0.5 weight % solutton of 2-mercapto-5-methylbenzlmldazole in methanol. 
After pAg was raised to 7.5 with silver nitrate, the mixture was adjusted to plH 3.8 using 0.5 mol/L sulfuric acid, and the 
stining was stopped. Then, the mixture was subjected to precipitation, desalting and washing with water, added with 
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3.5 g of deionized gelatin and 1 mol/L sodium hydroxide to be adjusted to pH 6.0 and pAg of 8.2 to form a silver hallde 
dispersion. 

[0229] The grains In the completed silver halide emulsion were pure silver bromide grains having a mean diameter 
as spheres of 0.063 iim and a variation coefficient of 18% for mean diameter as spheres. The grain size and others 
5 were obtained from averages for 1 000 grains by using an electron microscope. The [1 00] face ratio of these grains was 
determined to be 85% by the Kubelka-Munk method. 

[0230] The aforementioned emulsion was added with 0.035 g of benzoisothiazolinone (added as a 3.5 weight % 
methanol solution of the compound) with stirring at 3B^C, and after 40 minutes since then, added with the solid disper- 
sion (an aqueous gelatin solution) of Spectral sensitizing dye A in an amount of 5 x 10'^ mole per mole of silver After 

10 1 minutes, tiie mixture was warmed to 47^C, and after 20 minutes, added with 3 x 1 0'^ mole of sodium benzenethiosul- 
fonate per mole of silver. Further after 2 minutes, the mixture was added with Tellurium sensitizer B in an amount of 5 
X 1 0*^ mole per mole of silver followed by ripening for 90 minutes. Immediately before finishing tiie ripening, the mixture 
was added with 5 ml of a 0.5 weight % methanol solution of N,N'-dlhydroxy-N"-diettiylmelamlne, and after lowering the 
temperature to 31 *C, added with 5 ml of a 3.5 weight % methanol solution of phenoxyethanol, 7 x 1 0'^ mole of 5-methyl- 

15 2-nrTercaptobenzlmidazole per mole of silver, and 6.4 x 10"^ nrK)le of 1<phenyt'2-heptyl-5-mercapto*1,3,4-trlazote per 
mole of stiver no prepare Silver halide emulsion 1 . 

^Preparation of Silver hallde emulsion 2^ 

20 [0231] In the same manner as the preparation of Silver halide emulsion 1 except that the liquid temperature upon 

fonnlng the grains was changed from 37°C to SO'^C, a pure silver bromide cubic grain emulsion having a mean grain 
size of 0.08 ^m as spheres and a variation coefficient of 1 5% for size as spheres was prepared. Further, as in the case 
of Silver hallde emulsion 1, the steps of precipitation, desalting, washing with water and dispersion were performed. 
Furtiiemnore. in tiie same manner as in the case of Silver halide emulsion 1 except ttiat tiie addition amount of Spectral 
25 sensitizing dye A was changed to 4.5 x 1 0*^ mole per mole of silver, spectral sensitization, chemical sensitization and 
addition of 5-methyl-2-merDaptobenzlmldazole and 1 -phenyl-2-heplyl-5-merDaptD-1 ,3,4-traizole were perfomned to 
obtain Silver halide pulsion 2. 

((Preparation of Sih/er halide emulsion 3]) 

30 

[0232] In tiie same manner as the preparation of Silver halide emulsion 1 except that the liquid temperature upon 
forming the grains was changed front 37*C to 27**C. a pure silver bromide cubic grain emulsion having a mean grain 
size of 0.038 nm as spheres and a variation coefficient of 20% for size as spheres was prepared. Furttier, as in the case 
of Silver halide emulsion 1 , the steps of precipitation, desalting, washing with water and dispersion were performed. 
35 Further, in the same manner as in the case of Silver halide emulsion 1 except that the addition amount of Spectral sen- 
sitizing dye A was changed to 6 x 1 0'^ mole per mole of silver, spectral sensitization, chemical sensitization, and addi- 
tion of 5HTietiiyl-2-mercaptobenzimldazole and 1-phenyi-2-heptyl-5-mercapto-1,3,44ralzole were perfbrnned to obtain 
Silver hallde emulsion 3. 

40 ((Preparation of Mixed emulsion A for coating solution)) 

[0233] 70% by weight of Silver hallde emulsion 1 , 1 5% by weight of Silver halide emulsion 2 and 1 5% by weight of 
Silver halide emulsion 3 were mixed and added with benzothiazolium Iodide In an amount of 7 x 1 0"^ mole per mole of 
silver as a 1 weight % aqueous solution to form Mixed emulsion A for coating solution. 

45 

([Preparation of scaly flatty add silver salt)) 

[0234] B7SkQ of behenlc acid (Edenor C22-85R, trade name, manufactured by Henlcel Co.), 423 L of distilled water, 
49.2 L of a 5 mol/L aqueous solution of NaOH, and 120 L of tert-butanol were mixed and allowed to react with stirring 

so at 75*'C for one hour to obtain a solution of sodium behenate. Separately. 206.2 L of an aqueous solution containing 
40.4 kg of sih/er nitrate (pH 4.0) was prepared and kept at lO^'C. A mixture of 635 L of distilled water and 30 L of tert- 
butanol contained in a reaction vessel kept at 30*^ was added with the whole amount of the aforementioned sodium 
behenate solution and the whole amount of the aqueous sih/er nitrate solution at constant flow rates over the periods of 
62 minutes and 10 seconds, and 60 minutes, respectively. In this case, they were added in such a manner that only the 

55 aqueous silver nitrate solution was added for 7 minutes and 20 seconds after starting the addition of the aqueous sih/er 
nitrate solution, and for 9 minutes and 30 seconds after finishing tiie addition of the aqueous silver nitrate solution, only 
the sodium behenate solution was added In this operation, tiie outskle temperature was controlled so tiiat tiie temper- 
ature in the reaction vessel was 30^ and the liquid temperature is constant. The pifMng of the addition system for the 
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sodium behenate solution was warmed by steam trace and the steam opening was controlled such that the liquid tem- 
perature at the outlet orifice of the addition nozzle should be The piping of the addition system for the aqueous 
silver nitrate solution was maintained by circulating cold water outside a double pipe. The addition position of the 
sodium behenate solution and the addition position of the aqueous sliver nitrate solution wens arranged symmetrically 
5 with respect to the stirring axis as the center, and the positions are controlled at heights for not contacting with the reac- 
tion mixture. 

[0235] After finishing the addition of the sodium behenate solution, the mixture was left with stining for 20 minutes 
at the same temperature and then the tennperature was decreased to 25^C. Thereafter, the solid content was recovered 
by centrifugal filtration and the solid content was washed with water until electric conductivity of the filtrate became 30 

10 ^S/cm. Thus, a fatty acid silver salt was obtained. The solid content was stored as a wet cake without being dried. 
[0236] When the shape of the obtained silver behenate grains was evaluated by an electron microscopic photogra- 
phy, the grains were scaly crystals having a = 0.14 iim, b = 0.4 ^m, and c = 0.6 }im in mean values, a mean aspect ratio 
at 5.2, a mean diameter as spheres of 0.52 ^m, and a variation coefficient of 15% for mean diameter as spheres (a, b 
and c have the meanings defined In the present specification). 

15 [0237] To the wet cake corresponding to 1 00 g of the dry solid content was added with 7.4 g of polyvinyl alcohol 
(PVA-21 7, trade name, average polymerization degree: 1700) and water to make the total amount 385 g, and the mix- 
ture was pre-dispersed by a homomixer 

[0238] Then, the pre-dispersed stock dispersion was treated three times by using a dispersing machine (Mcroflu- 
id]zer-M'l10S-EH; trade name, manufactured by Microfluidex International Corporation, using G10Z Interaction cham- 
20 bet) with a pressure controlled to be 1 750 kg/crn^ to obtain a silver behenate dispersion. During the cooling operatk>n. 
a dispersion temperature of 18^C was achieved by providing colled heat exchangers fixed before and after the Interac- 
tion chamber and controlling the temperature of the refrigerant. 

«Preparationof 25 weight % dispersion of reducing agent}) ^ 

25 .- ■.,> ^, . ^ 

[0239] 1 0 kg of 1 ,1 -bIs(2-hydroxy-3,5-dlmethylphenyt)-3,5,5-trlmethylhexane and 1 0 kg of a 20 weight % aqueous 
solution of denatured polyvinyl ateohol (Povat MP203, manufactured by Kuraray Co. Ltd.) were added with 16 kg of 
water, and mixed sufficiently to fomn slurry. The slun^ was fed by a diaphragm pump to a sand mill of horizontal type 
(UVM-2, nnanufiactured by Imex Co.) containing zlttx>nla beads having a mean diameter of 0.5 nnm, and dispersed for 3 
30 hours and 30 minutes. Then, the slurry was added with 0.2 g of benzothlazollnone sodium salt and water so that the 
concentration of the reducing agent becan^ 25% by weight to obtain a reducing agent dispersion. The reducing agent 
particles contained in tfie reducing agent dispersion obrtatned as described above had a median diameter of 0.40 \im 
and the maximum particle size of 1 .8 pm or shorter. The obtained reducing agent dispersion was filtered through a poly- 
propylene filter having a pore size of 10.0 p.m to remove dusts and so forth, and stored. 

35 

{{Preparation of 1 0 weight % dispersion of mercapto compound)) 

[0240] 5 kg of 1-phenyl-2-heptyl-5-mercapto-1,3,4-triazole and 5 kg of a 20 weight % aqueous solution of dena- 
tured polyvinyl akK>hol (Poval MP203, manutactursd by Kurars^ Co., Ltd.) were added with 8.3 kg of water, and mixed 

40 sufflcientty to form sluny The slurry was fed by a diaphragm pump to a sand mill of horizontal type (UVM-2, manufac- 
tured by Im^ Ca) containing zirconia beads having a mean diameter of 0.5 mm, and dispersed for 6 hours. Then, the 
slurry was added with water so that the concentration of the mercapto compound became 1 0 weight % to obtain a mer- 
capto compound dispersion. The mercapto compound particles contained in the mercapto compound dispersion 
obtained as descn'bed above had a median diameter of 0.40 ^m and the maximum parttele size of 2.0 \jjn or less. The 

45 memapto compound dispersion was filtered through a polypropylene filter having a pore size of 10.0 pjn to remove 
dusts and so forth, and stored. The dispersion was filtered through a polypropylene filter having a pore size of 1 0.0 
innmediately before use. 

{{Preparation of 20 weight % dispersion of organic polyhalogenated compound 1» 

so 

[0241] 5 kg of tribromomethylnaphthylsutfone, 2.5 kg of a 20 weight % aqueous solution of denatured polyvinyl 
alcohol (Poval MP203, manufiactured by Kuraray C^., Ltd.) and 213 g of 20 weight % aqueous solution of sodium triiso- 
propylnaphthalenesulfonate were added with 10 kg of water, and mixed sufficiently to form sluny. The sluny was fed by 
a diaphragm pump to a sand mill of horizontal type (UVM-2. manufactured by Imex Co.) containing zirconia beads hav- 
55 ing a mean diameter of 0.5 mm. and dispersed for 5 hours. Then, the sluny was added with 0.2 g of benzisothiazolinone 
sodium salt and water so that the concentration of the organic polyhalogenated compound became 20 weight % to 
obtain an organk: polyhalogenated compound dispersion. The organic polyhalogenated connpound particles contained 
in the polyhalogenated compound dispersion obtained as described above had a median diameter of 0.36 ^m and the 
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maximum particle size of 2.0 pm or less. The obtained organic potyhalogenated compound dispersion was filtered 
through a polypropylene filter having a pore size of 3.0 urn to remove dusts and so forth, and stored. 

(preparation of 25 weight % dispersion of organic potyhalogenated compound 2)) 

5 

[0242] A dispersion was prepared in the same manner as the preparation of the 20 weight % dispersion of organic 
potyhalogenated compound 1 except that 5 kg of N-butyt-d-tribromomethanesulfonylbenzamide was used instead of 5 
kg of tribromomethylnaphthylsutfone, diluted so that the concentration of the organic potyhalogenated compound 
became 25 weight %, and filtered. The organic polyhatogenated compound particles contained in the organic polyhal- 
10 ogenated compound dispersion obtained as described above had a median diameter of 0.39 ^im and the nnaximum par- 
ticle size of 2.2 ^m or less. The obtained organic polyhaiogenated compound dispersion was filtered through a 
polypropylene filter having a pore size of 3.0 )im to remove dusts and so forth, and stored. 

((Preparation of 30 weight % dispersion of organic polyhaiogenated compound 3)} 

75 

[0243] A dispersion was prepared in the same manner as the preparation of the 20 weight % dispersion of organic 
potyhalogenated compound 1 except that 5 kg of tribromomethylphenylsulfone was used Instead of 5 kg of tribro- 
momethylnaphthylsulfbne and the amount of the 20 weight % aqueous solution of MP203 was changed to 5 kg, diluted 
so that the concentration of the organte polyhaiogenated compound became 30 weight %. and filtered. The organb pol- 
20 yhalogenated compound particles contained In the organic polyhaiogenated compound dispersion obtained as 
described above had a median diameter of 0.41 \vm and the maximum particle size of 2.0 pm or less. The obtained 
organic polyhaiogenated compound dispersion was filtered through a polypropylene filter having a pore size of 3.0 ^m 
to remove dusts and so forth, and stored. The dispersion was stored at 10*^0 or less until use. 

25 ((Preparation of 5 weight % solutton of phthalazine compound}) 

[0244] 8 kg of denatured polyvinyl alcohol (Povai l\4P-203, manufactured by Kuraray Co., Ltd.) was dissolved in 
1 74.57 kg of water and then added with 3.1 5 kg of 20 weight % aqueous solution of sodium triisopropylnaphthalenesul- 
fbnate and 14.28 kg of 70 weight % aqueous solution of 6-isopropylphthalazine to obtain a 5 weight % solution of 6- 
30 isopropylphthatazlne. 

((Preparation of 20 weight % dispersion of pigment)) 

[0245] 64 g of C.I. Pigment Blue 60 and 6.4 g of Demor N manufactured by Kao Corporatton were added with 250 
55 g of water and mixed sufficiently to provide slurry. Then, 800 g of ztrconia beads having a mean diameter of 0.5 mm 
were placed in a vessel together with the siuny and the slurry was dispersed by a dispersing machine (1/4G Sand 
Grinder Mill; manufactured by Imex Co.) for 25 hours to obtain a pigment dispersion. The pigment partfcies contained 
in the pigment dispersion obtained as described above had a mean particle size of 0.21 |im. 

40 ((Preparation of 40 weight % SBR latex}) 

[0246] SBR latex purified by ultrafiltration (UF) was obtained as fbllows. 

[0247] The SBR latex mentioned below diluted by 1 0 times with distilled water was diluted and purified by using an 
UF-purification module FS03-FC-FUY03A1 (manufactured by Daisen Membrane System K.K.) until the Ion conductiv- 

45 ity became 1 .5 mS/cm, and added with Sandet-BL (manufactured by SANYO CHEMICAL INDUSTRIES. LTQ) to a con- 
centration of 0.22% by weight, Further, the latex was added with NaOH and NH4OH so that the ratio Na"* ion:NH/ Ion 
became 1 -.2.3 (molar ratio) to adjust pH to 8.4. At this point, the concentration of the latex was 40% by weight. 
(SBR latex: a tat^ of 'St(68)-Bu(29)-AA(3)-, wherein the numerals in the parentheses indicate the contents In tenms of 
% by weight, St represents styrene, Bu represents butadiene and AA represents acrylic acid) 

50 [0248] The latex had the following characteristics: mean partk^te size of 0.1 \m\, concentration of 45%, equilibrated 
moisture content of 0.6% by weight at 25'>C and relative humidity 60%, and k>n conductivity of 4.2 mS/cm (measured 
for the latex stock solution (40%) at 25''C by using a conductometer, CM-30S, manufactured by Toa Electronics. Ltd.), 
pH 8.2. 

55 ((Preparation of coating solution for image-forming layer)) 

[Q249] 1 .1 g of the 20 weight % aqueous dispersion of the pigment obtained above, 1 03 g of the organk; acM silver 
salt dispersion, 5 g of the 20 weight % aqueous solution of polyvinyl ateohol, PVA-205 (manufactured by Kuraray Co., 
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Ltd). 25 g of the 25 weight % dispersion of the reducing agent, 13.2 g in total of the dispersions of organic polyhalo- 
genaled compounds 1 to 3 (weight ratio = 2:5:2). 6.2 g of the 10 weight % dispersion of mercapto conipound, 106 g of 
the 40 weight % SBR latex purified by ultrafiltration (UF) and undergone pH adjustment, and 1 8 ml of the 5 weight % 
solution of the phthatazine compound were combined, added with 10 g of Silver halide emulsion A. and mixed suffi- 

5 ciently to prepare a coating solution for Image-forming layer (photosensitive layer, emulsion layer). The coating solution 
was fed as It was to a coating die In such a feeding amount giving a coating amount of 70 ml/m^ and coated. 
[0250] The viscosity of the coating solution for emulsion layer described above was measured by a B-type viscom- 
eter manufactured by Tolcyo KeikI K.K. and found to be 85 [mPa * s] at 40''C (Rotor No. i , 60 rpm). 
[0251] The viscosity of the coating solution was measured at 25°C by an RFS fluid spectrometer produced by Rhe- 

10 onrwtric l=ar East Co.. Ltd., and found to be 1 500, 220. 70. 40 and 20 [mPa • s] at shear rates of 0. 1 . 1 , 1 0, 1 00 and 1 000 
[I/second], respectively. 

{{Preparation of coating solution for Intemnedlate layer on the emulsion layer surface)) 

IS [0252] 772 g of an aqueous solution of 10% by weight polyvinyl alcohol. PVA-2C» (manufactured by Kuraray Co., 
Ltd.). 5.3 g of the 20 weight % dispersion of the pigment, and 226 g of a 27.5 weight % latex of methyl methacrylate/sty- 
rene/butyl acrylate/hydroxyethyl methacrylate/acryllc acid copolymer (copolymerizatlon ratio (by weight): 64/9/20/5/2) 
were added with 2 ml of a 5 weight % aqueous solution of Aerosol OT (manufactured by American Cyanamid Com- 
pany), 1 0,5 ml of a 20 weight % aqueous solution of phthalic add diammonlum salt and water in such an amount giving 

20 a total amount of 880 g to form a coating solution for intermediate layer. This coating solution was fed to a coating die 
in such an amount that gave a coating amount of 10 ml/m^. 

[0253] The viscosity of the coating solution measured by a B-type viscometer at 40^*0 (Rotor No. 1 , 60 rpm) was 21 
[mPa*s]. 

25 {{Preparation of coating solution for 1 st protective layer on emulsion layer surface)} 

[0254] 64 g of inert gelatin was dissolved In water, added witii 80 g of a 27.5 weight % latex solution of methyl meth- 
acrylate/styrene/butyl acrylate/hydroxyethyl methacrylate/acryllc acid copolymer (copotymerization ratio (by weight): 
64/9/20/5/2), 23 ml of a 1 0 weight % methanol solution of phthalic add, 23 ml of a 10 weight % aqueous solution of 4- 

30 methylphthallc acid» 28 ml of 0.5 n\o\/L sulfuric acid, 5 ml of a 5 weight % aqueous solution of Aerosol OT (manufactured 
by American Cyanamid Company), 0.5 g of phenoxyetfianol. 0.1 g of benzoisothiazolinone, and water In such an 
amount that gave a total amount of 750 g to form a coating solution. The coating solution was mixed with 26 ml of 4 
weight % chromium alum by a static mixer Immediately befbre coating, and fed to a coating die in such an amount that 
gave a coating anoount of 18.6 ml/m^. 

35 [0255] The viscosity of the coating solution measured by a B-type viscometer (Rotor Na 1 , 60 rpm) at 40*^0 was 1 7 
[mPa-s]. 

{{Preparation of coating solution fbr 2nd protective Isyer on emulsion layer surfece)) 

40 [0256] 80 g of inert gelatin was dissolved in water, added witii 102 g of a 27.5 weight % latex solution of metiiyl 
m^acrylatfi/styrene /butyl ecrylate/hydrDxyetlryt methacrylate/acryllc acid copolymer (copolymerization ratio (t^ 
we^ht): 64/9/20/5/2), 3.2 ml of a 5 weight % solution of N-perfluorooctylsulfbnyl-N-propylalanlne potassium salt, 32 ml 
of a 2 weight % aqueous solution of polyetiiyiene glycol mono(N-perfluoroodylsulf6nyl-N-propyl-2-aminoettiyl) ether 
[average polymerization degree of ethylene oxide = 15]. 23 ml of a 5 weight % aqueous solution of Aerosol OT (manu- 

45 factured by American Cyanamid Company), 4 g of polymethyl methacryteta microparticles (mean partide size: 0.7 ym), 
21 9 of polymethyl methacrylate micropartides (mean particle size: 6.4 \vm), 1 .6 g of 4-methylphtiialic acid, 4.8 g of 
phthalic add, 44 ml of 0.5 mol/L sulfuric add, 10 mg of benzoisothiazolinone and water in such an amount that gave a 
total amount of 650 g. The mixture was further mixed with 445 ml of an aqueous solution containing 4 weight % chro- 
mium alum and 0.67 weight % of phthalic acid by a static mixer immediately before coating to form a coating solution 

so for surfece protective layer, which was fed to a coating die in such an amount that gave a coating amount of 8.3 ml/m^. 
[0257] The viscosity of the coating solution measured by a B-type viscometer (Rotor No. 1 , 60 rpm) at 4a*C was 9 
[mPa*s]. 

{{Preparation of photottiermographlc material)) 

55 

[0258] On ttie bade side of tiie aforementioned support having an undencoat layer, the coating solution for antiha- 
lation layer and the coating solution for bade surface protective layer were simultaneously applied as stacked layers so 
that tiie applied solid content amount of the sdid microparticte dye in tiie antihalation layer became 0.04 g/m^, and the 
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applied amount of gelatin In the protective layer beconnes 1 .7 g/m^, and dried to fonn an antlhalation back layer. 
[0259] Then, on the side opposite to the back side, an inrtage-forming layer (coated silver amount of the silver hailde 
was 0.1 4 g/rn^, intermediate layer, first protective layer, and second protective layer were simultaneously applied in this 
order from the undercoat le^r by the slide bead appHcation method as stacked lexers to fomn Sample 001 of photother- 
5 mographk: nmterial. 

[0260] The coating was performed at a speed of 1 60 mAnin. The gap between the tip of coating die and the support 
was set to be 0.14 to 0.28 mm, and the coated width was controlled so that it spread by 0.5 mm each at both sides com- 
pared wtth the projecting stit width of the coating solution. The pressure in the reduced pressure chamber was adjusted 
to be lower than the atmospheric pressure by 392 Pa. In this case, handling, temperature and humidity were controlled 

10 80 that the support was not electrostattealty charged and electrostatic charge was further eliminated by ionized wind 
Immediately before the coating. In the subsequent chilling zone, the material was blown with air showing a dry-bulb tem- 
perature of 1 B'^C and a wet-bulb temperature of 1 2°C for 30 seconds to cool the coating solutions. Then, In the floating 
type drying zone in a coiled shape, the material was blown with drying air showing a dry-bulb temperature of 30"^ and 
a wet-bulb temperature of 1 S^'C for 200 seconds. SubsequentJy, the material was passed through a drying zone of TO^'C 

IS for 20 seconds, and then another drying zone of 90''C for 10 seconds, and cooled to 25''C to evaporate the solvent in 
the coating solution. The average wind velocities of the wind applied to the coated layer suriace in the chilling zone and 
the drying zones were 7 m/sec. 

[0261] The prepared photothermographk: material showed matting degrees of 56 seconds for the Inrmge-forming 
layer side, and 1 30 seconds for the back suriace, in temns of Beck's smoothness. 

20 [0262] Samples 1 02 to 1 23 were prepared wherein coating amounts of a phenolic reducing agent (compound of the 
formula (1)) and a compound satisfying at least one of the requirements A and B were adjusted as shown in Table 1 so 
that they gave development density substantially the same as that of the aforementioned Sample 101, and evaluated 
for Image storability. When these samples were prepared, the phenoric reducing agents (compound of the fomrtula (i)) 
were used Instead of 1,1-bi8(2-hydroxy-3.5-dlmethylphenyl)-3,5,5-trimethylhexane used for the aforementioned 25% 

25 dispersion of reducing agent. 

[0263] Compound (11-2) of Sample 1 02 was Incorporated as the following dispersion after fomning ttie image-fomi- 
ing layer. As for the amount used, it was used In an amount equlmolar to the reducing agent As for Samples 103-123, 
each of the compounds mentioned in Table 1 was dispersed in the same manner, and used In the amount mentioned 
in Table 1 (represented as a relative nnole % based on ttie amount of Compound (il-2), which is taken as 100%). 

30 

((Preparation of dispersk>n of Compound 11-2)) 

[0264] 1 kg of compound 11-2 and 1 kg of a 20 weight % aqueous solution of denatured polyvinyl alcohol (Poval 
MP203, manufactured by i^raray Co., Ltd.) were added with 1 .6 kg of water, and mixed sufflcientiy to form slurry. The 

35 sluny was fed by a diaphragm pump to a sand mill of horizontal type (UVIM-2, manufactured by Imex Co.) containing 
zirconia beads having a mean diameter of 0.5 mm, and dispersed for 3 hours and 30 minutes. Then, the stuny was 
added witii 0.2 g of benzisothiazotinone sodium salt and water so tiiat the concentration of the phosphoryl compound 
became 25 weight % to obtain solid micropartide dispersion of tiie phosphoryl compound. The phosphoryl compound 
particles contained in the dispersion obtained as described above had a median diameter of 0.45 ^m and the maximum 

40 partide size of 2.0 |im or shorter. The obtained dispersion was filtered through a polypropylene filter having a pore size 
of 10.0 ^m to remove dusts and so forth, and stored. 

[0265] Image storability of the samples was evaluated by storing each photosensitive material after heat devetop- 
ment at 60<^ and relative humidity of 50% for one day, and measuring change of densities A Dmln In blank portions 
before and after the storage. The results are shown in Table 1 . 
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[0266] As clearly seen from the results shown In Table 1 , the Image storablllty was markedly Improved by the com- 
binations according to the present invention. 
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(Example 2) 

[0267] Photothermographic materials were obtained in the same manner as in Example 1 except that Silver halide 
emulsions 1 -3, Mixed emulsion A for coating, the solid fine particle dispersion of reducing agent, the 25 weight % dis- 
5 pension of organic polyhalogenated compound 2, the 30 weight % dispersion of organic polyhalogenated compound 3 
and the coating solution for image-forming layer used in Example 1 were replaced with those prepared by the following 
methods and a phosphoryi compound dispersion was used. 

((Preparation of Sih^r halide emulsion 1}> 

10 

[0268] 1421 ml of distilled water was added with 3.1 ml of a 1 weight % potassium bromide solution, and further 
added with 3.5 ml of 1 mol/L nitric acid and 31 .7 g of phthalized gelatin. Separately, Solution A was prepared by adding 
distilled water to 22^ g of silver nitrate to dilute it to 95.4 ml, and Solution B was prepared by diluting 1 5.9 g of potas- 
sium bromide with distilled water to a volunrte of 97.4 ml. To the aforementioned mixture maintained at 34^C and stined 

IS In a tltanium^ated stainless steel reaction vessel, the whole volume of Solution A and Solution B was added over 45 
seconds at a constant flow rate while. Then, the mixture was added with 1 0 mi of 3.6 weight % aqueous hydrogen per- 
oxide solution, and further added with 10.6 ml of a 10 weight % aqueous solution of benzimidazole, separately, Solution 
C was prepared by adding distilled water to 51 .86 g of silver nitrate to dilute it to 31 7.5 ml, and Solution D was prepared 
by diluting 45.8 g of potassium bromide with distilled water to a volume of 400 ml. The whole volume of Solution G was 

20 added to the mixture over 20 minutes at a constant flow rate. Solutton D was added by the control double jet method 
while pAg was maintained at 8.1. Hexachlorplridlc acid (III) potassium salt in such an amount that its concentration 
should become 1x10^ mole per mote of silver^was added at one time 1 0 minutes after the addition of Solutions C and 
D was started. Further, an aqueous solution of potassium iron (11) hexacyanide In such ari'amount that its concentration 
should become 3 x 1 0~^ mole per mole of silver was added at one time 5 seconds after the addition of Solution C was 

25 completed. Then, tiie mixture was adjusted to pH 3.8 using 0.5 mol/L sulfuric acid, and the stin-ing was stopped. Then, 
the mixture was subjected to precipitation, desalting and washing with water, adjusted to pH 5.9 with 1 mol/L sodium 
hydroxide to fomn a silver halide dispersion having pAg of 8.0. 

[0269] The aforementioned silver halide dispersion was added with 5 ml of a 0.34 weight % methanol solution of 
l,2-benzisothiazolln-3^ne with stirring at 38"^, and after 40 minutes since then, added witii a methanol solution of 

30 Spectral sensitizing dye A In an amount of 1 x 1 0'^ mole per mole of silver. After 1 minutes, the mixture was warmed to 
47"C, and after 20 minutes, added with 7.6 x 10"^ mole of sodium benzenethlosulfonate per mole of silver. Further after 
5 minutes, the mixture was added with Tellurium sensitizer B as a methanol solution in an amount of 1.9 x 10'^ mole 
per mole of silver followed by ripening tor 91 minutes. The mixture was added with 1.3 ml of a 0.8 weight % methanol 
solution of N,N''dihydroxy-N"-dlethyimelamine, and 4 minutes later, added with 3.7 x 1 0*^ mole per mole of silver of 5- 

35 methyl-2-mercaptobenzimldazole and 4.9 x 1 0'^ mole per mole or silver of 1 -phenyl-2-heptyl-5-mercapto-1 ,3,4-triazole 
as a methanol solution to prepare silver halide emulsion 1 . 

[0270] The grains in tiie prepared silver halide emulsion were pure silver bromide grains having a mean diameter 
as spheres of 0.046 yjn and a variation coeffident of 20% for mean diameter as spheres. The grain size and otiiers 
were obtained from averages for 1 000 grains by using an electron microscope. The [1 00] face ratio of ttiese grains was 
40 determined to be 80% by the Kubelka-Munk method. 

(CPneparation of Slh^r halide emulsion 2» 

[0271] In the same manner as the preparation of Sliver halide emulsion 1 except tiiat the liquid temperature upon 
45 forming the grains was changed from 34''C to 49*^0, addition time of Solution C was changed to 30 minutes and potas- 
sium iron(ll) hexacyanide was not used, Silver halide emulsion 2 was prepared. Further, as in the case of Silver halide 
emulsion 1, the steps of precipitation, desalting, washing witii water and dispersion were perfomned. Furthemnore, in 
the sante manner as In the case of Silver halide emulsion 1 except that the addition amount of Spectral sensitizing dye 
A was changed to 7.5 x 1 0'^ mole per mole of silver and the addition amount of 1 -phenyl-2-hepty(-5-merx:apto-1 ,3,4- 
so triazole was changed to 3.3 x 1 0"^ mole of per mole of silver, spectral sensitization, chemical sensitization, and addition 
of 5-methyl-2HTiercaptobenzimidazole and 1-phenyl-2-heptyl-6-mencapto-1 ,3,4-traizole were perfonrod to obtain Silver 
halide emulsion 2. Emulsion grains of Silver halide emulsion 2 were pure silver bromide cubic grains having a mean 
grain size of 0.080 |im as spheres and a variation coefficient of 20% for diameter as spheres. 

ss ([Preparation of Sih^r halide enrmlsion 3» 

[0272] In tiie same manner as the preparation of Silver halide emulsion 1 except tiiat the liquid temperature upon 
forming the grains was changed from 34<'C to 27^C, Silver halide emulsion 3 was prepared. Further, as in tiie case of 
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Silver halide emulsion 1 . the steps of precipitation, desalting, washing with water and dispersion were perfomrted. Fur- 
thermore, in the same manner as in the case of Silver halide emulsion 1 except that the addition amount of Spectral 
sensitizing dye A solid dispersion (gelatin aqueous solution) was changed to 6 x 10'^ mole per mole of silver and the 
addition amount of Tellurium sensitizer B was changed to 52 x 10^ mole per mole of silver, Silver halide emulsion 3 
5 was obtained. Emulsion grains of Sliver halide emulsion 3 were purs silver bromide cubic grains having a mean grain 
size of 0.038 iim as spheres and a variation coefficient of 20% for diameter as spheres. 

{{Preparation of Mixed emulsion A for coating solution}) 

10 [0273] 70% by weight of Silver halide emulsion 1 . 1 5% by weight of Silver halide emulsion 2 and 1 5% by weight of 
Silver halide emulsion 3 were mixed and added with benzothiazoiium iodide in an amount of 7 x 1 0"^ mole per mole of 
silver as a 1 weight % aqueous solution to fbmri Mixed emulsion A for coating solution. 

{(Preparation of solid microparttcle dispersion of reducing agent)) 

IS 

[0274] 1 0 i<g of 1 , 1 •bl8(2>hydroxy-3»5-dimethy lphenyl)-3,5,5-trlmethyihexane as a reducing agent and 1 0 leg of a 20 
weight % aqueous solution of denatured polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co.» Ltd.) were 
added with 1 6 kg of water, and mixed sufficiently to fomri slunry. The slunv was fed by a diaphragm pump to a sand mill 
of horizontal type (UVM-2. manufactured by Imex Co.) containing zirconia beads having a mean diameter of 0.5 mm, 
20 and dispersed for 3 hours and 30 minutes. Then, the sluny was added with 0.2 g of benzothlazollnone sodium salt and 
water so that the concentration of the reducing agent became 25 weight % to obtain a solid microparticule dispersion 
of reducing agent. The reducing agent particles contained in the dispersion obtained as described above had a median 
diameter of 0.42 ^m and the maximum particle size of 2.0 ^m or less. The obtained reducing agent dispersion was fil- 
tered through a polypropylene filter having a pore size of 10.0 to remove dusts and so forth, and stored. 

25 

{{Preparation of dispersion of phosphoryl compound)) 

[0275] 1 kg of triphenylphosphine oxide as a phosphoryl compound and 1 kg of a 20 wdght % aqueous solution of 
denatured polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co., Ltd.) were added with 1.6 kg of water, and 

30 mixed sufficiently to form slurry. The sluny was f^d by a diaphragm pump to a sand mill of horizontal type (UVM-2, man- 
ufactured by Imex Co.) containing zirconia beads having a mean diameter of 0.5 mm, and dispersed for 3 hours and 30 
minutes. Then, the sluny was added with 0.2 g of benzothlazollnone sodium salt and water so that the concentration of 
the phosphoryl compound became 25% by weight to obtain a solid micropartk:ie dispersion of phosphoryl compound. 
The phosphoryl compound particles contained in the dispersion obtained as described abwe had a median diameter 

35 of 0.45 \m and the maximum particle size of 2.0 pm or less. The obtained reducing agent dispersion was filtered 
through a polypropylene filter having a pore size of 10.0 |im to remove dusts and so forth, and stored. 

^Preparetlon of 25 weight % dispersion of organic polyhalogenated compound 2)) 

40 [0276] A dispersion was prepared in the same manner as the preparation of the 20 weight % dispersion of organic 
polyhalogenated compound 1 except that 5 kg of tribromomethyl(4-(2,4,6-trinr)ethylphenylsulfbnyl)phenyl)su}fone was 
used instead of 5 kg of trlbromonrtethylnaphthylsulfbne, diluted so that the concentration of the organit polyhalogenated 
compound became 25 weight %, and filtered. The organk; polyhalogenated compound partk:les contained in the 
organic polyhak>genated compound dispersion obtained as described above had a median diameter of 0.38 ^m and 

45 the maximum particle size of 2.0 |im or less. The obtained organic polyhalogenated compound dispersion was ftttered 
through a polypropylene filter having a pore size of 3.0 |im to remove dusts and so forth, and stored. 

([Preparaiton of 30 weight % dispersion of organic polyhalogenated connpound 3)) 

so [0277] A dispersion was prepared in the same manner as the preparation of the 20 weight % dispersion of organk: 
polyhalogenated compound 1 except that 5 kg of tribromomethylphenylsultone was used instead of 5 kg of tribro- 
momethylnaphthylsulfone and the anrK)unt of the 20 weight % aqueous solution of MP203 was changed to 5 kg, diluted 
so that the concentration of the organic polyhalogenated compound became 33 weigiit %, and filtered. The organic pol- 
yhalogenated compound particles contained in the organic polyhalogenated compound dispersion obtained as 

55 described above had a median diameter of 0.41 ^m and the maximum partk^le size of 2.0 ^m or less. The obtained 
organic polyhalogenated compound dispersion was filtered through a polypropylene filter having a pore size of 3.0 ^m 
to remove dusts and so forth, and stored. The dispersion was stored at lO^C or less until use. 
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((Preparation of coating solution tbr image-forming layer (photosen^tlve layer})} 

[0278] 1 . 1 9 of the 20 weight % dispersion of pigment, 1 03 g of the dispersion of silver salt of an organic acid, 5 g 
of the 23 weight % aqueous solution of polyvinyl alcohol (PVA-206, Kuraray Co., Ltd.), 25 g of the 25 weight % disper- 
sion of reducing agent, 9.4 g of dispersion of phosphoryl compound, 16.3 g in total of Polyhalogenated compound dis- 
persion 1 , 2 and 3 (weight ratio = 5:1 :3), 6.2 g of the 1 0% dispersion of mercapto compound, 1 06 g of 40 weight % SBR 
latex subjected to purification by ultrafiltration (Uf=^ and plH adjustment and 1 8 ml of the 5 weight % solution of phthala- 
zine compound, which were obtained above, were added to 10 g of Mixed emulsion A of silver halide, and mixed suffi- 
ciently to prepare a coating solution for Image-fomning layer. The coating solution was fed as it was to a coating dye in 
such an amount that the coated amount should be 70 ml/m^. 

({Preparation of phototherniographic material)) 

[0279] A sample of the photothemiographb material, Sample 202. was prepared in the same manner as In Exam- 
ple 1 except that the afbrementloned materials were used. 

[0280] Samples 201 and 203-218 were prepared in the same manner as Sample 202 except that the kind and 
amount of the reducing agent and the amount of the phosphoryl compound were changed as shown in Table 2. 
[0281] Further, Samples 301 -31 6 were similarly prepared by changing the Mnds and amounts of the reducing agent 
and the phosphoryl compound to those mentioned in Table 3. 

[0282] When a sample was prepared by using a reducing agent different from that of Sample 202, another reducing 
agent was used instead of 1,1-bie(2-hydroxy-3,5-dimethylphenyl)-3,S,&-trimethylhexane used for the aforementioned 
26 weight % dispersion of reducing agent. 

[0283] Image storabillty of the samples was evaluated by storing each photosensitive material after heat develop- 
ment at 60^C and relative humidity of 50% for one day, and measuring change of densities A min In blank portions 
before and after the storage. The results are shown In Tables 2 and 3. 

({Evaluation of photographic performance)) 

[0284] Each photographic material was tight-exposed and heat-developed (about 120*^0} by using Fuji Medk»l Dry 
Laser Imager FM-DP L (provided with a semteonductor laser of 660 nm, maximum output 60 mW (ItIB)), and the 
obtained Image was evaluated by using a densitometer. The results are shown In Tables 2 and 3. 
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[0285] As dearty seen from the results shown in Table 2, by using a reducing agent of the fbrnnula (I) and a com- 
pound having a phosphoryl group in combination, fog (Dmax) after heat development can be suppressed and increase 
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of Dmin after image storage can be markedly reduced without substantially reducing development density (Omax). 
[0286] Because (1-3) and (M) are highly active, their amounts can be markedly reduced as shown in Table 2. Such 
highly active reducing agents give strong fog and hence degrade image stabiHty after the treatnnent However, by using 
a phosphoryl compound in combination according to the present invention, the fog can be suppressed, and image sta- 
5 bitlty after the treatment can be markedly improved at the same time. 

[0287] From the results shown in Table 3, it is also clear that the combination of a reducing agent and a phosphoiyl 
compound is effective for suppression of fog and improvement of image storability. 

(Example 3) 

10 

[0288] Structures of the compounds used In Example 3 are shown below. 



Compottod Q 



IS 




20 



Dye A 



25 



30 




Compound A 



35 




40 



45 



50 



55 



69 



EP 1 096 310 A2 



Sensicltlng dye A 




compound B 



ilucleatin? agent A 




polyhalogenated conpouna a Polyhaiogenated compound 



Compound c 




Conpaund Z 




70 



EP1096 310A2 



COBpouad D 



5 




10 



CoBpound 8 



IS 



CsFtrSOjIJCHaCOOK 
Q3H7 



Compoond 8 



20 




Conpouad F 



2S 



CHa 




COOH 



COOH 



30 



^Preparation of PET support)) 

35 [0289] Using terephthalic acid and ethylene glycol, PET having an intrinsic viscosity IV of 0.66 (measured in phe- 
nol^etrachloroethane = 6/4 (weight ratio) at as^'C) was obtained in a conventional niannen The PET was palletized, and 
the pellets were dried at 130"^^ for 4 hours, melted at 300<'C, extruded from a T<lle» and quenched to prepare an 
unstretched film having such a thickness that the film thickness after thennal fixation should become 1 20 pm. 
[0290] The film was stretched along the iong'rtudinal direction t>y 3.3 times using rollers having different peripheral 

40 speeds and then stretched along the tmnsverse direction by 4.5 times using a tenter. In this case, the temperatures 
were 1 1 0^'C and lac^Q respectively. Thereafter, the film was subjected to thermal fixation at 240''C for 20 seconds and 
relaxed by 4% along the transverse direction at the same temperature. Then, after chucks of the tenter were released, 
the both edges of the film were knurled, and the film was rolled up at 4.8 kg/cm^ to provkie a roll of PET support having 
a width of 2.4 m, length of 3500 m and thtekness of 120 jim. 



((Coating of undercoat)} 

[0291] Undercoat layer (a) and Undercoat layer (b) having the following compositions were applied successively on 
both sides of the PET support obtained above, and each dried at 1 80**C for 4 minutes. Thickness of Undercoat layer (a) 
50 was 2.0 pm. 
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(1) Composition of Undercoat layer (a) 


Polymer latex (A) (core shell type latex comprising 90 wt% of core and 1 0 wt% of 
shell, core: vinylidene chlorideAnethyl acrylate/hnethyl methacrytate/acrytoni- 
trile/acrylic acid = 93/3/3/0,9/0.1 (wt%). shell: vinylidene chloiide/methyl acr- 
ylate/methyl methacrylate/acrylonltrile/acryllc acid = 88/3/3/3/3 (wt%), weight average 
molecular weight; 38000) 

2,4-Dichloro-6-hydroxy-S-triazIne 

Matting agent (polystyrene, mean diameter; 2.4 ^m) 


3.0 g/hi^ as solid content 

23mg/m^ 
1.5 mg/m^ 



(2) Composition of Undercoat layer (b) 



Deionized gelatin (C^^ content; 0.6 ppm. Jelly strength; 230 g) 50 mg/nrf 



(CFbrmation of back layer)) 

[0292] The following electroconductlve layer and protective layer were successively applied to one side of the PET 
support provided with the two undercoat layers obtained above, and each dried at 180^ for 4 minutes to prepare a 
back layer. 



(1) Corr^osftlon of electroconductlve layer 


Jullmer ET-410 (Nihon Junyaku Co., Ltd.) 


96 mg/m^ 


Alkali-treated gelatin (molecular weight; about 10000, Ca^^ con- 
tent; 30 ppm) 


42mg/m2 


Deionized gelatin (Ca^^ content; 0.6 ppm) 


8mg/m2 


Compound G 


0.2 mg/m^ 


Polyoxyethylene phenyl ether 


lOmg/m^ 


Sumitex Resin M-3 (water-soluble melamine resin, Sumitomo 
Chemtoal Ca, Ltd) 


18mg/m^ 


Dye A 


Amount giving optical density of 1 .2 at 783 nm 


SnOa/Sb (weight ratio: 9/1 , acicular grains, short axis/long axis = 
20-30, Ishihara Sangyo Kaisha, Ltd.) 


160 mg^m^ 


Matting agent (Polymethyl methacrylate, mean particle size: 5 
Mm) 


7mg/m2 



(2) Composition of protective layer 


Polymer latex (B) (copolymer of methyl methacrylate/styrene/2-ethylhexyl acr- 
ylate/2-hydrQxyethylethyl methacrylate/acryllc add = 59/9/26/5/1 (wt%)) 


1 000 mg/rr? as solid content 
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(continued) 



(2) Composition of protective layer 



5 



Potystyrenesulfbnate (molecular weight: 1000-5000) 
Cellosol 524 (Chukyo Yushi Co., Ltd.) 
Sumitex Resin M-3 (water-soluble melamine compound, 
Sumitomo Chemical Co., Ltd.) 



2.6 mg/m^ 
25 mg/m^ 



21.8 mg/m^ 



10 



({Heat treatment during transportation)) 

(1) Heat treatment 

IS [0293] The PET support With back layers and undercoat layers prepared as described above was subjected to heat 
treatment by Introducing It into a heat treatment zone having a total length of 200 m set at 1 GO'^C, and transporting It at 
a tension of 3 kg/cm^ and a transportation speed of 20 m/hiinute. 

(2) Post-heat treatment 

20 

[0294] Following the aforementioned heat treatment, the support was passed through a zone at 40^C tor 15 sec- 
onds, and rolled up. The rolling up tension for this operation was 10 kg/cm^. 

({Preparation of coating solution for image-forming iayei)) 

25 

(1 ) Preparation of organic acid sliver salt dispersion 

[0295] Behente add (87.6 g, product name: Edenor C22-85R, Henkel Corp.), distilled water (423 ml), 5 mol/L 
NaOH aqueous solution (49.2 ml) and tert-butyl ak:ohol (120 ml) were mixed and allowed to react at TS^C for 1 hour 

30 with stirring to prepare a sodium behenate solution. Separately, an aqueous solution of (206.2 ml) of silver nitrate (40.4 
g) was prepared and maintairied at 10*^. A reaction vessel containing distilled water (635 ml) and tert^butyl alcohol (30 
ml) were maintained at 30^Cv and added with the whole volumes of the sodium behenate solution and the aqueous sil- 
ver nitrate solution at constant flow rates over 62 minutes and 1 0 seconds, and 60 minutes, respectively. This operation 
was designed so that only the aqueous silver nitrate solution was added for 7 minutes and 20 seconds after starting the 

35 addition of the aqueous silver nitrate solution. Then, addition of the sodium behenate solutton was started so that only 
the sodium behenate solution was added for 9 minutes and 30 seconds after the completion of the addition of the aque- 
ous silver nitrate solution. During this procedure, the Internal temperature of the reaction vessel was maintained at 
SO^'C, and controlled so that the mixture temperature was not raised. Piping of the sodium behenate solution addition 
system was warned by a steam tracing, and steam amount was controlled so that the solution temperature at the outlet 

40 of addition nozzle tip became 75^C. Further, piping of the aqueous silver nitrate solution addition system consisted of a 
double pipe system, and was cooled by circulating cooled water outside the double pipe. The addition points of the 
sodium behenate solution and the aqueous silver nitrate solutton were symmetrteally located with respect to a stimng 
axis, and the heights thereof were controlled so as not to contact with the reaction mixture. 

[0296] After the completion of the addition of the sodium behenate solution, the mixture was left at that temperature 
45 for 20 minutes with stining so that the temperature of the mixture was lowered to 25**C. Thereafter, the solid content was 
sepanated by centrifugal filtration, and washed with water until the conductivity of the filtrate became 30 ^S/cm. The 
solid content obtained as described above was not dried but stored as a wet cake. 

[0297] The shape of the obtained silver behenate grains was analyzed by electron mfcrophotography. The obtained 
grains were scale crystals having an average projected area diameter of 0.52 ^m, an average grain thickness of 0.14 

so ^m, and a variation coefficient of 1 5% for average diameter as spheres. 

[0298] To the wet cake con-esponding to 1 00 g of dry solid content, 7.4 g of polyvinyl alcohol (trade name: PVA-21 7. 
average polymerization degree: about 1 700) and water were added to make the total anrtount 385 g, and the resulting 
mixture was preliminarily dispersed in a homomixer. Then, the prellmlnari[y dispersed stock solution was treated three 
times in a dispersing machine (trade name: Microfluidizer M-110S-EH, manufectured by Microfluidex Intemational Cor- 

55 poration, using G1 OZ interaction chamber) under a pressure controlled to be 1 ,750 kg/cm^ to obtain a silver behenate 
dispersion as organto acid silver salt dispersion. During the cooling operation, a desired dispersion tenperature was 
established by providing coiled heat exchangers fixed before and after the interactbn chamber and controlling the tem- 
perature of the refrigerant 
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[0299] The silver behenate grains contained in the silver behenate dispersion obtained as described above were 
grains having a volume weighted mean diameter of 0.52 ^m, and a variation coefficient of 15%. The grain size was 
measured by Master Sizer X manufactured by Malvern Instruments Ltd Further when the grains were evaluated by 
electron microphotography, they were grains having a ratio of long axis length and short axis length of 1 .5, a grain thick- 
5 ness of 0.14 \m, and an average aspect rstlo (ratio of circular diameter of projected area of grain and grain thidciess) 
of 5.1. 

(2) Preparation of photosensitive silver hallde emulsion 

10 [0300] In 700 ml of water, alkali-treated gelatin (calcium content 2700 ppm or less, 1 1 g), potassium bromide (30 
mg) and sodium benzenethiosulfonate (1 0 mg) were dissolved. After the solution was adjusted to pH 5.0 at a tempera- 
ture of 40^C, 1 59 mi of an aqueous solution containing silver nitrate (1 8.6 g) and an aqueous solution containing 1 mol/l 
of potassium bromide, 5x10-® mol/l of (NH4)2RhCl5(H20) and 2x10"® mol/l of K3lrCl6 were added by the control dou- 
t}ie jet method over 6 minutes and 30 seconds white pAg was maintained at 7.7, Then, 476 ml of an aqueous solution 

T5 containing silver nitrate (55.5 g) and an aqueous solution containing 1 moi/i of potassium bromide and 2 x 1 0"^ mol/I of 
KalrCIs were added by the control double jet method over 28 minutes and 30 seconds while pAg was maintained at 7.7. 
[0301] Then, the pH was lowered to cause coagulation precipitation to effect desalting, Compound A (0,1 7 g) and 
low molecular weight gelatin having an average molecular weight of 15,000 (calcium content 20 ppm or less, 51 .1 g) 
were added, and pH and pAg were adjusted to 5.9 and 8.0, respectively. The grains obtained were cubic grains having 

20 an average grain size of 0.08 jun, a variation coefficient of 9% for projected area and a [1 00] face ratio of 90%. 

[0302] The temperature of the photosensitive silver halide grains obtained as described above was raised to 80**C, 
and added with sodium benzenethiosulfonate (76 ^mol per mole of sih/er). After 3 minutes, triethytthiourea (72 \imo\) 
was further added, the gnedns were ripened for 100 minutes, then added with 5 x 10"^ mol/l of 4-hydix)xy-6Hfnethyl- 
1 ,3,3a,7-tetrazaindene, and cooled to 40<'C. Then, Sensitizing Dye A and Compound B were added in amounts of 1 2.8 

25 X 10"^ mol and 6.4 x 10'^ mol per mole of the photosensitive silver hafkie with stirring while the emulsion was main- 
tained at 40^C. After 20 minutes, the emul^on was quenched to 30**C to complete the preparatton of photosensitive sli- 
ver hallde emulsion. 

(3) Preparation of solid micropartlcle dispersion of ultrahigh contrast agent 

30 

[0303] An ultrahigh contrast agent (Nucleating agent A, 10 g) was added wfth polyvinyl ateohol (2.5 g, PVA-217, 
produced by Kuraray Co.. Ltd.) and water (87.5 g). and the mixture vras thoroughly stirred to fbmn sluny. The sluny was 
left for 3 hours. Then, 0.6-mm zirx»nia beads (240 g) were prepared and put together with the slurry into a vessel. The 
contents in the vessel were dispersed In a dispersing machine (1/4G Sand Grinder Mill, manufactured by Imex Co.) for 
35 1 0 hours to prepare a solid microparticle dispersion. In this dispension, 80 wt% of the mteroparttotes had a particle size 
of from 0.1 to 1 .0 iim, and the average particle size was 0.5 ^m. 

(4) Preparation of solid microparttde dispersion of reducing agent 

40 [0304] To 1 ,1-bl8(2-hydroxy-3,5-dlmethy!phenyl)"3,5,5-trimethylhexane (25 g), a 20 weight % aqueous solution of 
MP Polymer (25 g, MP-203, produced by Kuraray Co., Ltd.), Safinol 104E (Nisshin Kagaku Co., Ltd,, 0.1 g), methanol 
(2 g) and water (48 ml) were added, and the mixture was thoroughly stin^ to fbmi sluny. The resulting slurry was left 
for 3 hours. Then, 1 -mm zirconia beads (380 g) were prepared and put together with the sluny Into a vessel. The con- 
tents In the vessel were dispersed In a dispersing machine (1/4G Sand Grinder Mill, manufactured by Imex Co.) for 3 

45 hours to prepare a solid mkroparfkde dispersion of reducing agent In this dispersion, 80 weight % of the grains had a 
parttde size of from 0.3 to 1 .0 iim. 

(5) Preparatwn of solid rnkTopartide dispersion of polyhalogenated compound 

so [0305] Polyhalogenated compound A (30 g) was added with MP Polymer (4 g, MP-203, produced by Kurarsy Co., 
Ltd.), Compound C (0.25 g) and water (66 g), and the mixture was thoroughly sUnned to fbnm sluny Then, 0.5-nnm zir- 
conia silteate beads (200 g) were put together with the slurry Into a vessel. The contents In the vessel were dispersed 
in a dispersing machine (1/1 6G Sand Grinder Mill, manufactured by Imex Co.) for 5 hours to prepare a dispersion of 
Polyhalogenated compound A. In this dispersion, 80 weight % of the micropartteles had a partfcle size of from 0.3 to 

55 1 .0 ^m. 

[0306] A solid mteropartlcle dispersion of Polyhalogenated compound B was also prepared In the same manner as 
that for Polyhalogenated compound A. Ihe micropartides in this dispersion had a similar partk:le size. 
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(6) Preparation of solid micropaitide dispersion of zinc compound 

[0307] Compound Z (30 g) was added with MP Polymer (3 g, MP-203, produced by Kuraray Ca, Ltd.) and water 
(87 ml), and the mixture was thoroughly stirred to form slurry. The slurry was left for a hours. Then, the slurry was 
treated in the same manner as the preparation of the solid micropartide dispersion of reducing agent mentioned in the 
above (4) to prepare a solid microparticle dispersion of zinc compound (Compound Z). In this dispersion. 80 weight % 
of the micropartides had a particle size of from 0.3 to 1 .0 ^m. 

(7) Praparotion of coating solution for Image-fbrmtng layer 

[0308] The following components were added to the dispersion of silver salt of an organic add (silver behenate) 
prepared in the above (1 ) in the spedfied amounts per 1 mole of silver in the dispersion, and added with water to pre- 
pare a coating solution for Image-fbrming layer. 



Photosensitive silver halide emulsion olitained in the 
above (2) 


0.05 mole as Ag 


Solid microparticle dispersion of nucleating agent 
obtained in the above (3) 


17.1 gas solid 


Solid micropartide dispersion of reducing agent obtained 
In the above (4) 


166 gas solid 


Polyhalogenated compound dispersion A obtained in the 
above (5) 


0.06 mole as solid 


Polyhalogenated compound dispersion B obtained in the 
above (5) 


0.02 mole as solid 


Solid micropartide dispersion of zinc compound obtained 
In the above (6) 


10.5 gas solid 


Binder LACSTAR 3307B (SBR latex, produced by Dai- 
Nippon Ink & Chemicals, Inc., glass transition tempera- 
ture: 17'»C) 


470 g as solid 


Sodium ethanethlosulfbnate 


2.2 mmole 


5-Methylbenzotriazole 


1.36 g 


Polyvinyl alcohol (PVA-23S, Kuraray Co., Ud.) 


12.1 g 


6-lsopropytphthalazine 


16.5 g 


Sodium dihydrogenorthophosphate dihydrate 


0.37 g 


Dye A 


Amount giving optical density of 0.3 at 783 nm (about 
0.50 g) 



({Preparation of coating solution for protective layers on image-fbrming side^ 
(1 ) Preparation of coating solution for protective layer (a) on image-forming side 

[0309] A polymer latex solution containing copolymer of methyl methacrylate/styrene/2-ethylhexyl acrylate/2- 
hydroxyethyl methacrylate/acrylic acid = 58.9/8.6/25.4/5.1/2 (wt%) (glass transition temperature: 57^C, solid content: 
21 .5 weight %, average particle diameter 120 mm. containing Compound D as a fltm-fbmning aid in an amount (rf 1 5 
weight % relative to solid content of the latex, 956 g) was added with water, Compound E (1 .62 g), Compound S (3.1 5 
g), matting agent (polystyrene particles, average diameter 7 ^m, variation coeffident of 6% for average particle size, 
1 .98 g) and polyvinyl alcohol (PVA-235, Kuraray Co., Ltd., 23.6 g) and furtiier added with water to fomn a coating sdu- 
tion for protective layer (a) on image-forming side. 
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(2) Preparation of coating soiutlon for protective layer (b) on image-forming side 

[0310] A polymer latex solution containing copolymer of methyl methacrylate/8tyrene/2-ethylhexyl acrylate/2' 
hydroxyetlKyl methacrylate/acrylic acid = 58.9/8.6/25.^5.1/2 (wt%) (glass transition temperature: 54^, solid content: 

5 21.5 weight %, average particle diameter: 70 nm, containing Compound D shown In (6-1) as a fiim-fonning aid in an 
amount of 15 weight % relative to solid content of the latex, 630 g) was added with water, 30 weight % solution of car- 
nauba wax (Cellosol 524, Chukyo Yushi Co., Ltd., 6.30 g), Compound E (0.72 g), Compound F (7.95 g). Compound S 
(0.90 g), which were mentioned in the above (1 ), matting agent (polystyrene particles, average diameter: 7 ^m J .1 8 g) 
and polyvinyl alcohol (PVA-235, Kuraray Co., Ltd., 8.30 g) and further added with water to fomn a coating solution for 

10 protective layer (b) on Image-forming side. 

((Preparation of photothermographic material)) 

[0311] On the side opposite to tiie side provided with the back layer of the aforementioned PET support subjected 
15 to tile heat treatment during transportation, i.e., the side of the support coated witii Undercoat layer (a) and Undercoat 
layer (b), the coating solution for Image-forming layer was coated so tiiat the coated silver amount became 1 .6 gfrr^. 
Further, the coating solution for Protective layer (a) for Image-forming surface was coated on the image-forming layer 
simultaneously with the coating solution for image-forming layer as laminated layers, so tiiat tiie coated solid content of 
the polymer latex became 1 .31 g/m^. Then, the coating solution for Protective layer (b) for image-forming surface was 
20 coated on the coated layer, so that the coated solid content of the polymer latex became 3.02 g/m^ to prepare a photo- 
thermographic material. The film surface pH of the obtained photothemnographic material on the image-fomning side 
was 4.9, and the Beck's smoothness was 660 seconds. As for the opposite surface, the film surface pH was 5.9 and the 
Beck's smoothness was 560 seconds. 

[031 2] Samples were prepared witii various kinds and coated amounts of phenolic reducing agents (compounds of 
25 the formula (I)) and compounds of the fonnuias (II), (III), (IV) and (V) as in Example 1 so that the samples gave sub- 
stantially comparative development density to the above sannple, and tiiey are evaluated for Image storabiiity. 

^Evaluation)) 

30 (1) Light exposure 

[0313] Each photothermographic nnaterial was light exposed for 2x10'° seconds by using a laser light-exposure 
apparatus of single channel cylindrical Inner surface type provided with a semiconductor laser with a beam diameter 
(1/2 of FWHM of beam intensity) or 12.56 ftm. laser output of 50 mW and output wavelength of 783 nm. The exposure 
35 time was adjusted by controlling the mirror revolution number, and exposure was adjusted by changing output The 
overly coefficient of tiie light exposure was 0.449. 

(2) Heat development 

40 [0314] The light-exposed photothemnographb material obtained in the above (1) was heat-developed by using a 
heat-devefoping apparatus as shown in Fig. 1 . In which the roller surface material of the heat development section was 
composed of silteone rubber, and the flat surface consisted of Teflon non-woven f^rlc. The heat developnrtent was per- 
fomied at a transportation linear speed of 20 mm/second In tiie preheating section at 90-1 1 0^C for 1 5 seconds (driving 
units of the preheating section and the heat development section were independent from each otiier, and speed dlffor- 

45 ence as to the heat development section was adjusted to -0.5% to -1%). in the heat development section at 120^C for 
20 seconds, and in tiie gnadual cooling section for 1 5 seconds. Tiie temperature precision as for the transverse direction 
vms±1<*C. 

(3) Evaluation of heat-developed image storabllity after storage in dark place 

so 

[0315] The phototiiermographic materials subjected to light exposure and heat development were evaluated in tiie 
same manner as in Example 1 . 

[0316] As a result, it became clear that the photothermographic materials of the present invention showed more 
superior perfomnance compared with comparative examples, and even ultrahigh contrast photothermographic materials 
5s Showed superior image storabllity companable to that observed in Example 1 . 
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(Example 4) 

[0317] Fourteen kinds of photothenmographic materials were prepared by replacing compound (11-2) In Sample 102 
with an equlmolar amount of each of the compounds mentioned in Table 4. Each photothermographic material was 
5 evaluated for Image storability (A Dmin) in the same manner as in Example 1 . The results are shown In Table 4. 



Table 4 



15 



Sample No. 


Compound used In com- 
bination with rsducinn 
agent 


Image storability ADmin 


Note 


401 


11-56 


0.039 


Invention 


402 


H-67 


0.034 


Invention 


403 


11-58 


0.030 


Invention 


404 


11-61 


0.022 


Invention 


405 


11-62 


0.018 


Invention 


406 


11-64 


0.029 


Invention 


407 


11-66 


0.040 


Invention 


408 


11-69 


0.020 


Invention 


409 


11-71 


0.027 


Invention 


410 


11-77 


0.039 


Invention 


411 


11-81 


0.026 


Invention 


412 


11-84 


0.037 


Invention 


413 


11-86 


0.034 


invention 


414 


11-88 


0.037 


Invention 



[03181 When a phosphoryl compound having a substituent at the Oijosition of phenyl group was used, superior 
35 Image storability was obtained. 

(Example 6) 

[0319) A sample of photothermographic material. Sample 501 , was prepared in tiie same manner as that for Sam- 
40 pie 105 prepared in Example 1 , except that the SBR latex used for the photosensitive layer of Sample 1 05 in Example 
1 was replaced wltti the same weight of latex of styrene (70.6)/butadiene (26.5)/acryHc acid (3) copolymer (Tg: 23^ 
average particle size: 92 nm). 

[0320] The surface condition of the coated sample was confirmed to be transparent by visual observation. In Sam- 
ple 502, which con^ponded to Sample 501 not containing Compound (11-2). it was confirmed that the film-forming 
4S property and transparency were degraded and haze was Increased because a high Tg binder was used. Therefore, it 
was confimied that Compound (11-2) also played a role of a plasticizer. 
[0321] Change of color tone in Samples 501 and 502 was also evaluated. 

((Evaluation of Color tone)) 

so 

[0322] Each photographic material was light-exposed and heat-developed (about 1 20*»C) by using Fuji Medical Dry 
Laser Imager FM-DP L (provided with a semiconductor laser of 660 nm, maximum output 60 mW (II IB)), and visible 
absorption spectrum of a portion having a density of 1.0 in the obtained image was determined to obtain chromaticity 
coordinates in the L*a*b* color space using an F2 fluorescent lamp as a light source. Then, the sample after the treat- 
55 ment was left fbr one day under fluorescent lighting (1000 lux. 30^C, 80%) , and the chromaticity coordinates were 
determined fbr tiie same portion as the portion where the chromaticity coordinates were obtained before irradiation. 
Color difference AEab* before and after the IrrBdlatlon of fluorescent lighting to obtain tiie magnihjde of color tone 
change caused by the Iniedlation of fluorescent lighting. If the value of Sample 502 was taken as 1 00, the value of Sam- 
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pie 501 was 30. Thus, it was oonfimied that the change In color tone was also reduced by using a compound of the 
present Invention. 



[0323] The photothermographic material of Example 2 according to the present invention was cut Into sheets of B4 
size, and 151 sheets of photothemnographic material 1 in B4 size were stacked, packaged with an inner packaging 
material made of polypropylene, and further packaged with an outer packaging material composed of an aluminum 
sheet coated with polypropylene over the outside of the inner packaging material as shown in Fig.2. The air space was 
10 adjusted to be 33% or 10% by controlling the gas sucking pressure when the Inner packaging material was packaged 
with the outer packaging material 

[0324] The space ratio was calcuiated as follows. The volume of the outer packaging material (A) was obtained by 
immersing the packaged material in water. Then, the packaged material was opened, and the specific gravity of the 
inner packaging material was obtained to cateuiate its volume (B). Rnally. from the thickness of the stacked photosen- 

15 sitive material (C) and the area of the sheets (D), the volume of the photothermographic material was obtained 
( E = D X C ) , and the space ratio was obtained as a value of ( A * B < E)/A x 1 00 ). Further, the packaging with the outer 
packaging material was peribrmed under a nitrogen partial pressure of 80% so that the nitrogen partial pressure In the 
outer packaging material became 80%. Further, the packaging was performed so ttiat the humidity In the package was 
40% RH by selecting the atnrtosphere. The humidity in ttie package was measured by using a hygrometer Inserted into 

20 a small hole opened in the outer packaging material after the photosensitive material was left at 25^0 for 1 0 days. 
[0325] Then, the material was stored in tiie aforementioned state at 40^C for 10 days. The photothemnographic 
materials before and after the storage were light-exposed and heat-developed (about 120^C) by using Fuji Medtoai Dry 
l_aser Imager FM-DP L (provided with a semiconductor laser of 660 nm, maximum output 60 mW (IIIB)), and the 
obtained images were evaluated by using a densitometer. 

2S [0326] Change In tiie optical density before and after the storage was calculated. As a result, it was found that a 
smaller space ratio gave a smaller change In optical density. 



30 1. A photothenTYographte material connprislng. on one sWe <tf a support, a photosensitive silver haiide, a non-photo- 
sensitive silver salt of an organic acid, a reducing agent tor silver ions and a binder, which is characterized by con- 
taining one or more phenol compounds as the reducing agent and one or more compounds satisfying at least one 
of tiie following requirements A and B In conr^ination: 
A: tiie hydrogen bond formation rate constant Kf is 20-4000, 

35 B: tiie chemical structura is represented by the following formula (II). (III). (IV) or (V). or has a phosphoryi group: 



(Example 6) 



5 



Claims 



40 




(XZ) 



(XXZ) 



45 




SO 



(IV) 



(V) 



wherein: 



55 



in the fomnula (II), R^^ and independently represent an alkyi group, and represents, an aikyi group, an 
aryl group or a heterocydio group, and two or more of R^ and R^ may be taloan together to fomn a ring; 
in the fomrtuta (ill), R^^ and R^ independentiy represent an alkyI group, an aryl group or a heterocyclic group, 
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and R^^ and may be taken together to fonn a ring; 

In the fonnula (IV)» R^^ and R^ independently represent an alkyi group» an aryt group or a heterocycik: group. 
R^ represents an alky! group, an aryl group, a heterocyclic group or -N(R^)(R^ where R** and R"^ inde- 
pendently represent an alkyI group, an aryl group or a heterocyclic group, and two or nrK>re of R^\ R^, R^, 
5 and R^ nrtay t>e taken together to fbmn a ring; and 

in the fom^ula (V) . R^, R^. R^ and R® independently represent a hydrogen atom or a subslituent and 
two or more of R^"*, R^^, R^, R^ and R^ may be taken together to form a ring. 

2. The photothermographk; material according to Claim 1, wherein the phenol compound is an o-potyphenol com- 
10 pound. 

3. The photothermographlc material according to Claim 2, wherein the o-polyphenol compound is a compound rep- 
resented by the following formula (1): 



IS 



20 




ss wherein R"" . R^, R^ R*. R^ R^, R^ and R® Independently represent a hydrogen atom ora group that can substitute 
on a benzene ring, and L represents a group -S- or a group -GHR®- where R* represents a hydrogen atom or an 
alkyI group. 

4. The photothemrwgraphlc material according to Claim 3, wherein, in the compound represented by the fomnula (I), 
30 P?, R*, R^ and R^ are hydrogen atoms, R^ and R® Independently represents an alkyI group, and R® Independ- 
ently represents an alkyt group, and L Is -CHR^-. 

5. The photothemiographic material according to Claim 4, wherein R^ and R° Independently represent a secondary 
or tertiary alkyi group. 

35 

6. The photothermographic material according to any one of Claims 1-5, wherein the hydrogen bond fomnatlon rote 
constant Kf Is 70 to 4000. 

7. The photothermographic material according to any one of Claims 2S, which contains one or more o-polyphenol 
40 compounds as the reducing agent and one or more conrtpounds having a phosphoryl group in combination. 

8. The photothenrtographic material according to Claim 7, wherein the compound having a phosphoryl group Is a 
compound represented by the following formula (VI): 



45 




55 wherein R^^ , R^ and R^ Independently represent an alkyI group, an aryl group, an aralky! group, an alkoxy group, 
. an aryloxy group, an amino group or a heterocycric group. 



79 



EP1 096 310A2 




80 



EP1 096 310 A2 





81 



